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3UHFLVLRQ DJULFXOWXUH 3$ KDV D FHQWUDO UROH WR SOD\ LQ D VXVWDLQDEOH LQWHQVLILFDWLRQ
WUDMHFWRU\ RI DJULFXOWXUH LQFOXGLQJ LQFUHDVHG \LHOGV DQG GHFUHDVHG HQYLURQPHQWDO
LPSDFW$OWKRXJKJURXQGHGLQDGYDQFHGWHFKQRORJLHVWKLVVWLOOLPSOLHVWKDWWKHLQGLYLG
XDO IDUPHU ZLOO KDYH WR GHYHORS NQRZOHGJH WKDW LV FRPSOH[ GLYHUVH DQG ORFDO 7R
PDQDJH DGDSWDWLRQ WR WKH ZLWKLQILHOG YDULDWLRQ LQ ODUJH VFDOH DJULFXOWXUH VRFDOOHG
DJULFXOWXUDOGHFLVLRQVXSSRUW V\VWHPV$JUL'66DUHQHFHVVDU\7KLV WKHVLVDLPV WR
LQYHVWLJDWH IDUPHUV¶ QDWXUDOLVWLF GHFLVLRQPDNLQJ LQ WKHLU VRFLRWHFKQLFDO V\VWHP
DLPLQJWRLQFUHDVHWKHLUsituated knowledgeDQGcareLQFULWLFDOFRPSOH[VLWXDWLRQVDQG
LQYHVWLJDWHDQGSUHVHQWVWUDWHJLHVWRLPSURYHWKHGHYHORSPHQWSURFHVVHVRI$JUL'66
7KLV LV GRQH E\ GLVFXVVLQJ WKH VRFDOOHG problem of implementation RI $JUL'66 LQ
SUDFWLFDOSUHFLVLRQDJULFXOWXUH$VSHFWVRIWKHLPSOHPHQWDWLRQGLOHPPDVDUHFRQVLGHUHG
ZLWKLQ WKUHH UHVHDUFK TXHVWLRQV :KDW FKDUDFWHULVHV D VRFLRWHFKQLFDO V\VWHP WKDW





7KH UHVHDUFK TXHVWLRQV DUH DGGUHVVHG XVLQJ WKH WKHRUHWLFDO IUDPHZRUN RI GLVWULEXWHG
FRJQLWLRQ '&RJ IURP WKH UHVHDUFK ILHOG RI FRJQLWLYH VFLHQFH DQG XVLQJ XVHUFHQWUHG
GHVLJQ8&'DSSURDFKIURPWKHILHOGRIKXPDQFRPSXWHULQWHUDFWLRQ7ZRFDVHVWXGLHV
ZHUHSHUIRUPHGDQGWKHPDLQFRQWULEXWLRQLVWKHQRYHOFRQFHSWRIenhanced professional 
visionZKLFK VWDWHV WKDWERWK WHFKQRORJ\DQG LQWXLWLYH H[SHULHQFHEDVHG NQRZOHGJHDUH
QHFHVVDU\ LQ GHFLVLRQPDNLQJ 1HLWKHU RQH RI WKHP LV UHSODFHDEOH ZKHQ DQ LQFUHDVHG
DGDSWDWLRQWRZLWKLQILHOGYDULDWLRQDQGFRPSOH[LW\LQIDUPHUV¶FDUHIRUWKHLUORFDOVLWXD
WLRQLVQHHGHG7KHWKHVLVDOVRUHYHDOVWKHLPSRUWDQFHRIVRFLDOLQWHUDFWLRQVIRUWHFKQRORJ\
DGRSWLRQ DQG XVH  GXULQJ WKH SDUWLFLSDWRU\ GHYHORSPHQW SURFHVV RI$JUL'66  IRU




DSSURDFKHV7KHGLVFXVVLRQVSURYLGHGKHUH DERXW H[SHUWLVH LQ UHODWLRQ WR ,&7KXPDQ
EHLQJVDQGFDUHLQWKHWUDMHFWRU\RIVXVWDLQDEOHLQWHQVLILFDWLRQZLOOKRSHIXOO\LQIOXHQFH
KRZ IDUPHUV¶ H[SHULHQFH DQG VLWXDWHG NQRZOHGJH LV DFNQRZOHGJHG LQ IXWXUH UHVHDUFK
DQGGHYHORSPHQW 5	'0RUH VWXGLHV RQ5	' LQ DGYLVRU\ZRUN LQ UHODWLRQ WR QHZ
WHFKQRORJLHV DQG VWUDWHJLHV WR IDFLOLWDWH WKHLU XVH DQG VRFLDO OHDUQLQJ DQG GHFLVLRQ
PDNLQJDPRQJIDUPHUVDUHQHHGHGDVDUHLPSURYHGSRVVLELOLWLHVIRUDGYLVRUVWRLQWHUDFW
DQGH[FKDQJHH[SHULHQFHVDQGVWUDWHJLHVUHODWLQJWRWHFKQRORJ\XVH
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/DQWEUXNHW VWnU LQI|U VWRUD XWPDQLQJDU$WWP|WD VDPKlOOHWV NUDY Sn |NDG SURGXNWLRQ
SDUDOOHOOW PHG EHYDUDG HOOHU KHOVW VWlUNW PLOM|Q\WWD I|UXWVlWWHU LQQRYDWLRQVI|UPnJD
+nOOEDU LQWHQVLILHULQJ |NDG VN|UG Sn ELEHKnOOHQ DUHDO L NRPELQDWLRQPHGPLQLPHUDG
PLOM|EHODVWQLQJlUHWWNRQFHSWVRPDQYlQGVI|UDWWDQJHLYLONHQULNWQLQJYLPnVWHU|UD
RVV L YLVVD SURGXNWLRQVV\VWHP 2DYVHWW SURGXNWLRQVV\VWHP Vn NRPPHU NUDY Sn |NDG
KnOOEDUKHW DWW PHGI|UD DWW GHQ LQGLYLGXHOOD ODQWEUXNDUHQ EHK|YHU KD VW|UUH situerade 
kunskap HUIDUHQKHWVEDVHUDG LQWXLWLYNXQVNDS VRPlUEXQGHQ WLOO LQGLYLGHQRFK ORNDOW
DQSDVVDG I|U DWW L VW|UUH XWVWUlFNQLQJ NXQQD DQSDVVD ROLND nWJlUGHU HIWHU SODWVEXQGQD
I|UXWVlWWQLQJDU/DQWEUXNHW VWnU RFNVn LQI|U HQ|NDG RVlNHUKHW L RGOLQJVEHWLQJHOVHU Sn
JUXQGDYNOLPDWI|UlQGULQJDUYLONHWVDPWLGLJWNRPPHUDWWNUlYDHQVW|UUHDQSDVVQLQJV
I|UPnJD +lU KDU SUHFLVLRQVRGOLQJHQ HQ YLNWLJ UROO DWW I\OOD nWPLQVWRQH L VWRUVNDOLJW
ODQWEUXN)|UDWWWLOOlPSDSUHFLVLRQVRGOLQJRFKDQSDVVDROLNDnWJlUGHUHIWHULQRPIlOWVYD
ULDWLRQHU L JU|GD RFK MRUG lU ROLND W\SHU DY EHVOXWVVW|GV\VWHP Q|GYlQGLJD ,GDJ










ULQJVSUREOHPHW 'HWWD VND J|UDV JHQRP DWW EHVYDUD I|OMDQGH WUH IRUVNQLQJVIUnJRU 
9DGNDUDNWlULVHUDU HWW VRFLRWHNQLVNW V\VWHPVRPVW|GHU ODQWEUXNDUHVEHVOXWVIDWWDQGH L
NRPSOH[D NULWLVND VLWXDWLRQHU"  +XU NDQ EHVOXWVVW|GV\VWHP VW|GMD ODQWEUXNDUHV
EHVOXWVIDWWDQGH RFK XWYHFNOLQJ DY VLWXHUDG NXQVNDS PHG V\IWH DWW |ND KnOOEDUKHWHQ L
ODQWEUXNHW"+XUNDQXWYHFNOLQJVSURFHVVHQDYQ\DEHVOXWVVW|GV\VWHPI|UElWWUDVI|UDWW
SnElVWDVlWWVW|GMDODQWEUXNDUQDLGHUDVSURGXNWLRQ")|UDWWEHVYDUDGHVVDIRUVNQLQJV
IUnJRU KDU MDJ DQYlQWPLJ DY GHW WHRUHWLVND UDPYHUNHW GLVWULEXHUDG NRJQLWLRQ '&RJ
IUnQ IRUVNQLQJVRPUnGHW NRJQLWLRQVYHWHQVNDS VDPW GHQ WHRUHWLVND DQVDWVHQ DQYlQGDU
FHQWUHUDGGHVLJQ8&'IUnQIRUVNQLQJVRPUnGHWPlQQLVNDGDWRULQWHUDNWLRQ'HWYLNWLJ
DVWHELGUDJHWIUnQGHQWHRUHWLVNDDQDO\VHQRFKGHWYnIDOOVWXGLHUQDlULQWURGXNWLRQHQDY
GHWQ\DNRQFHSWHWutvidgad professionell blick enhanced professional visionVRPlU
HQNRPELQDWLRQDYprofessionell blick professional visionRFK teknikmedierat seende















HQ XWYHFNODUH WLOO HQ PRWWDJDUH RFK VRP XQGHUI|UVWnWW LQQHElU DWW QnJRQ DQQDQ lQ
VOXWDQYlQGDUHQ YHW YDG VRP lU UHOHYDQW DWW YHWD HOOHU J|UD WLOO KHOW GHOWDJDUVW\UGD
VWUDWHJLHU GlU XWYHFNODUH RFK ROLND NDWHJRULHU DY VOXWDQYlQGDUH GHOWDU RFK ELGUDUPHG
VLQD UHVSHNWLYH HUIDUHQKHWHU RFK EHKRY L HQ JHPHQVDP OlUSURFHVV )|UKRSSQLQJHQ lU
RFNVn DWW GHQQD DYKDQGOLQJ VND ELGUD WLOO DWW ODQWEUXNDUHV HUIDUHQKHW RFK VLWXHUDGH
NXQVNDS VND YlUGHUDV K|JUH L IUDPWLGD IRUVNQLQJ RFK XWYHFNOLQJ'HWWD JHQRP DWW HQ
GLVNXVVLRQ XSSVWnU RP H[SHUWLV RFK I|UKnOODQGHW PHOODQ WHNQLN RFK PlQQLVNRU VDPW
YLNWHQ DY DWW VW|GMD ODQWEUXNDUHV XWYHFNOLQJ DY VLWXHUDG NXQVNDS RFK GlUPHG VLQ I|U
PnJD RFK YLOMD DWW ELGUD WLOO |NDG KnOOEDUKHW $YKDQGOLQJHQ YLVDU DWW UnGJLYDUH lU
Q\FNHOSHUVRQHU I|U KnOOEDU WHNQLNDQYlQGQLQJ L ODQWEUXNHW PHQ GHUDV NRPSHWHQV YDG
JlOOHU WHNQLN EHK|YHU XWYHFNODV I|U DWW P|WD HWW |NDW EHKRY IUnQ DOOW NRPSHWHQWDUH









-HVVLFD /LQGEORP IRU LQWURGXFLQJPH WR WKH ZRUOG RI FRJQLWLYH VFLHQFHZLWK
GLVFXVVLRQV VXSHUYLVLRQ DQG SDWLHQFH DQG WR 0DJQXV /MXQJ IRU ORQJ DQG
YDOXDEOHFRRSHUDWLRQ:LWKRXW\RXWZRWKLVZRXOGQHYHUKDYHKDSSHQHG'HHS
WKDQNV WR 1DGDUDMDK 6ULVNDQGDUDMDK IRU WDNLQJ PH XQGHU \RXU ZLQJ HYHQ
WKRXJK \RXZHUH VR FORVH WR UHWLUHPHQW DQG OHDYLQJ WKH FRXQWU\ DQG+DQQD
%HUJHn IRU \RXU YDOXDEOH LQSXWV FRQQHFWLQJ PH WR WKH UHVHDUFK JURXS LQ
8SSVDODDQGWDNLQJFDUHRIPHZKLOHWKHUHDQGILQDOO\$QGHUV-RQVVRQIRU\RXU
DQG $QQ&KDUORWWH :DOOHQKDPPDUV WUHPHQGRXV VWUXJJOH WR JHW WKLV SURMHFW
IXQGHGDQGIRUPDQ\YDOXDEOHGLVFXVVLRQVDQGFKDWV




0\ DSSUHFLDWLRQ DOVR JRHV WR WKH IDUPHUV DQG DGYLVRUV ZKRP , IROORZHG
REVHUYHGDQGLQWHUYLHZHGGXULQJWKLVSURMHFW7KDQN\RXIRUDOO\RXUSDWLHQFH
DQG IRU JLYLQJ PH WKH SRVVLELOLW\ WR VKDUH \RXU SUDFWLFH <RX ZLOO DOO VWD\
DQRQ\PRXVIRUHWKLFDOUHDVRQV
7KHSURMHFWZDV IXQGHGZLWKLQ WKH WKHPDWLF
SURJUDPPH %LR6R0 %LRORJLFDO 6RLO 0DS




IRUD ORQJ WLPHDQGZKRQHYHUGRXEWHGRQP\DELOLW\ WR ILQLVK WKHZRUNP\
ORYHO\VRQV/XGZLJ0nQVDQG$GDPZKR WROGPHVKDUSO\ WKDW , MXVWKDG WR
VWUXJJOHDOLWWOHELWPRUH-DQG(YD.DULQZKRZDVDOZD\VDFFHVVLEOHWROLVWHQ
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IRUPHG WKH ILHOG ZRUN 6HOHFWHG VHTXHQFHV WR EH LQFOXGHG LQ WKH
PDQXVFULSWDQDO\VHGWKHGDWDDQGZURWHWKHSDSHUWRJHWKHUZLWK/LQG










































&RXQW\$GPLQLVWUDWLRQ%RDUG IRFXVLQJ RQZDWHU TXDOLW\ LVVXHV FRQQHFWHG WR
DFLGLILFDWLRQ,ODWHUPRYHGWRZRUNLQJZLWKIHUWLOLVDWLRQLVVXHVDWWKH6ZHGLVK
%RDUGRI$JULFXOWXUHDQGZLWKSUHFLVLRQDJULFXOWXUHDW6/8LQ6NDUD,Q,
WRRND WHDFKHU WUDLQLQJFRXUVHZKLFK UHVXOWHG LQSURMHFWV FRQFHUQLQJRXWGRRU
WHDFKLQJ DQG VFKRROFKLOGUHQ¶V NQRZOHGJH RI IRRG SURGXFWLRQ DQG IDUPLQJ LQ




VLRQDJULFXOWXUH WHFKQRORJ\ DPRQJ IDUPHUV+RZHYHU WKHH[SHULHQFHVRI DQG
FRQQHFWLRQVZLWKSUDFWLFHUHVHDUFKSHGDJRJ\DGYLVRU\ZRUNDQGDGPLQLVWUD
WLRQ KDV FRQVWLWXWHG D JRRG EDVH IRU WKLV ZRUN E\ SURYLGLQJ PH DQ





,QD VXVWDLQDEOH LQWHQVLILFDWLRQ WUDMHFWRU\ IRU DJULFXOWXUH WKHDLP LV WR LQFUHDVH
IRRG SURGXFWLRQ RQ H[LVWLQJ IDUPODQG DQG GHFUHDVH WKH HQYLURQPHQWDO LPSDFW
XVLQJFRQWH[WGHSHQGHQWVWUDWHJLHVWKDWFRQVLGHUERWKVRFLDODQGQDWXUDOVFLHQWLILF
NQRZOHGJH *DUQHWW et al  ,Q VXFK D WUDMHFWRU\ GLIIHUHQW VWDNHKROGHUV
LQFOXGLQJ LQGLYLGXDO IDUPHUV ZLOO QHHG WR GHYHORS VLWXDWHG NQRZOHGJH WKDW LV











SUHFLVLRQ DJULFXOWXUH LQ WKH VHQVH XVHG E\.U]\ZRV]\QVND  7KLVZDV


















WXUH ZLWK 5|OLQJ¶V VWDWHPHQWV LQ PLQG WZR FHQWUDO DVSHFWV RI SUHFLVLRQ
DJULFXOWXUHDSSHDUHG WREHDSSURSULDWHJRDOV$Q LPSURYHGXQGHUVWDQGLQJRI
IDUPHUV¶QDWXUDOLVWLFGHFLVLRQPDNLQJLQWKHLUVRFLRWHFKQLFDOV\VWHPDQGDQ
LQYHVWLJDWLRQ LQWR KRZ QHZ DQG HPHUJLQJ$JUL'66 FRXOG EH GHYHORSHG ZLWK
HPSKDVLVRQPDNLQJWKHPXVDEOHDQGFUHGLEOHE\WKHHQGXVHUVZLWKDJUHDWHUILW
LQWKHGHFLVLRQPDNLQJPLOLHXLQZKLFKWKH\ZRXOGEHXVHG,QRUGHUWRDFTXLUH




VFLHQFH &6 WR LQFUHDVH RXU XQGHUVWDQGLQJ RI IDUPHUV¶ QDWXUDOLVWLF GHFLVLRQ
PDNLQJLQWKHLUVRFLRWHFKQLFDOV\VWHP%\XVLQJWKH'&RJIUDPHZRUNFRJQL







, VRXJKW WR FRQWULEXWH WR IDUPHUV¶ GHYHORSPHQW RI H[SHULHQFHEDVHG situated 
knowledge DQG care LQ D VXVWDLQDEOH LQWHQVLILFDWLRQ WUDMHFWRU\ +RZHYHU LQ
UDLVLQJIDUPHUV¶LQWHUHVWDQGHQJDJHPHQWLQ$JUL'66ZLWKLQSUHFLVLRQDJULFXO
WXUH FKDOOHQJHV UHPDLQHG LQ WHUPV RI DGGUHVVLQJ WKH VRFDOOHG problem of 
implementation DQGWKH gap of relevance.7KLVUHTXLUHGDUHYLVLRQRIYLHZVRQ
KRZNQRZOHGJHLVFUHDWHGDQGZKDWOHDUQLQJDQGFRPPXQLFDWLRQPLJKWPHDQ
7KH SURMHFW ZDV IXQGHG ZLWKLQ WKH WKHPDWLF SURJUDPPH %LRORJLFDO 6RLO
0DSSLQJ %LR6R0 DW WKH 6ZHGLVK 8QLYHUVLW\ RI $JULFXOWXUDO 6FLHQFHV DQG






FLDO GHYLFHV ZKLFK DUH GHVLJQHG WR VHUYH D UHSUHVHQWDWLRQDO IXQFWLRQ LQ WKH FRJQLWLYH V\VWHP
1RUUPDQ

GLVHDVHV IURPVRLO VDPSOLQJ WRGHWHFWLRQRISDWKRJHQVFRQWURO DQG VWUDWHJLHV
IRUGHFUHDVHLQRFFXUUHQFHDQGRQWRSUDFWLFDOXVHLQDJULFXOWXUH,QWKLVOLFHQWL
DWHSURMHFW,WRRNDFULWLFDOORRNDWWKHproblem of implementationFRQVLGHULQJ





LQJZKDWWKHUHVHDUFKILHOGRI3$QDPHVDVWKHproblem of implementation DQG
WKH gap of relevance LQ UHODWLRQ WR $JUL'66 3UHFLVLRQ DJULFXOWXUH DLPV WR




LVWLF GHFLVLRQPDNLQJ LQ WKH VRFLRWHFKQLFDO V\VWHP DLPLQJ WR LQFUHDVH WKHLU
situated knowledgeDQGcare LQSUDFWLFHLQFULWLFDOFRPSOH[VLWXDWLRQVDQG
LQYHVWLJDWH DQG SUHVHQW VWUDWHJLHVUHFRPPHQGDWLRQV WR LPSURYH WKH GHYHORS
PHQWSURFHVVHVRI$JUL'66 LQRUGHU WRGHYHORS$JUL'66 WKDW DUHFRQVLGHUHG
XVDEOH DQG FUHGLEOH E\ WKH HQGXVHUV DQG ILW LQWR WKH GHFLVLRQPDNLQJPLOLHX
ZKHUHWKH\ZLOOEHXVHG
 5HVHDUFKTXHVWLRQV
7R UHDFK WKH DLPV RI WKH WKHVLV WKH IROORZLQJ WKUHH UHVHDUFK TXHVWLRQV 54
ZHUHIRUPXODWHG





RJ\ DV $JUL'66 EH LPSURYHG LQ RUGHU WR GHFUHDVH WKH problem of 





WKLV WKHVLVZDVDUHDFWLRQWRP\SHUVRQDOH[SHULHQFHRIWKHproblem of imple-
mentationRISUHFLVLRQDJULFXOWXUHWHFKQRORJ\DQGDQXQGHUVWDQGLQJRIWKHQHHG
IRU DZLGHUDQGFKDQJHGSHUVSHFWLYH7KHSRLQWRIGHSDUWXUH IRUP\ UHVHDUFK
ZDV D ZRUOG YLHZ FDSWXUHG LQ WKH ZRUGV RI 5|OLQJ  S  natural 
systems are governed by causes, people are guided by reasons - predicting 
human behavior on the basis of causes has consistently led to failure,QSUHFL
VLRQ DJULFXOWXUH UHVHDUFK WKH IRFXV KDV ORQJ EHHQ RQ WHFKQLFDO DVSHFWV i.e




WLYH SHUVSHFWLYH RI NQRZOHGJH WUDQVIHU 0F&RZQ  $QRWKHU LPSRUWDQW
DVSHFWLVWKDWUHVHDUFKHUVKDYHIRFXVHGRQWHFKQRORJ\DVDQLVRODWHGSKHQRPH
QRQZKLOH IDUPHUVDOZD\VKDYHDZKROH farming system WRFRQVLGHU 5|OLQJ
 7KHUHIRUH P\ RQWRORJLFDO SRLQW RI GHSDUWXUH ZDV QRW D UHGXFWLRQLVW
SDUDGLJPWRVWXG\FDXVDOLWLHVEXWUDWKHUDQRQWRORJLFDODSSURDFKEDVHGLQWKH
LQWHUSUHWLYH SDUDGLJP IROORZLQJ 5|OLQJ¶V  DGYLFH DERXW ZRUNLQJZLWK
VXEMHFWLYLW\ LQVWHDGRIREMHFWLYLW\XVLQJDKROLVWLFDSSURDFK+HQFH WKHRYHU
DUFKLQJ DLPZDV WR JDLQ D EHWWHU XQGHUVWDQGLQJ RI IDUPHUV¶ GHFLVLRQPDNLQJ
DQG OHDUQLQJ LQ WKHLUVRFLRWHFKQLFDOV\VWHP in the wild4ZKHUHDNQRZOHGJH
JDSKDVEHHQLGHQWLILHG,95RVVLet al0DFNUHOOet al0F&RZQ
et al0DWWKHZV0F&RZQ
3HRSOHFKDQJH WKHLUEHKDYLRXUZKHQ WKH\KDYH UHDVRQV IRUGRLQJVRDQGDV





LVVRFLDOO\FRQVWUXFWHGDQG WKDWDOOKXPDQVKDYH WKHLURZQLQWHUSUHWDWLRQRI WKH
ZRUOGZKLFKDOVRPHDQVWKDWWKHUHLVQRREMHFWLYHWUXWKH[FHSWDVSK\VLFDOODZV
,QVWHDG GLIIHUHQW LQGLYLGXDOV FUHDWH WKHLU RZQ LQWHUSUHWDWLRQRI WKHLUworld DQG
WKH UHVHDUFKHU¶V WDVN LV WR UHYHDO GLIIHUHQW LQWHUSUHWDWLRQV RI DQ REMHFW WDVN RU





LV VHHQ DV VRFLDOO\ FRQVWUXFWHG WKH UHVHDUFKHU DLPV WR LGHQWLI\ DQG XQGHUVWDQG
GLIIHUHQWLQWHUSUHWDWLRQVDQGGHWHUPLQHZKHWKHUDQGKRZWKH\LQWHUDFWZLWKHDFK
RWKHUDQGWKHREMHFWRILQWHUHVW$FFRUGLQJO\WRVXSSRUWIDUPHUVLQWKHDJULFXOWXU
DO WUDQVLWLRQ WRZDUGV VXVWDLQDEOH LQWHQVLILFDWLRQ WKHUH LV D QHHG IRU D GLIIHUHQW
DSSURDFKWKDWPHHWVWKHQHFHVVLW\WRXQGHUVWDQGDQGPDQLSXODWHFDXVDOLWLHVLQWKH
QDWXUDOZRUOG ,Q VRGRLQJ LW LV LPSRUWDQW WRDYRLG WKHVW\OHRIFRPPXQLFDWLRQ
WKDW LVFRPPRQZLWKLQFRQYHQWLRQDODJULFXOWXUHDFFRUGLQJ WR&DURODQS
 DQG LVmore interested in telling than listening, in directing rather than 
following and in effecting rather than learning to be affected 7KXV WKH DLP
VKRXOGQRWEHWR ILQGDVRFDOOHGREMHFWLYH WUXWKEXWUDWKHU WRFRQWULEXWH WRRXU
XQGHUVWDQGLQJ RI KXPDQ OHDUQLQJ DQG GHFLVLRQPDNLQJ LQ LWV VRFLRWHFKQLFDO
FRQWH[W WR DYRLG WKH technology fix %ODFN  DQG WKH knowledge transfer
SHUVSHFWLYHE\KLJKOLJKWLQJ WKH LPSRUWDQFHRISUHFLVLRQDJULFXOWXUH WHFKQRORJ\
LQ RUGHU WR IUDPH IDUPHUV¶ GHYHORSPHQW RI situated knowledge DQG care EXW
HPEHGGHGLQDVRFLDOOHDUQLQJFRQWH[WIURPGHYHORSPHQWWRXVHLQSUDFWLFH
 $QLQWHUGLVFLSOLQDU\DSSURDFK
7KHZRUNSHUIRUPHG LQ WKLV WKHVLVZDV LQWHUGLVFLSOLQDU\ VSDQQLQJ ILYHPDMRU
UHVHDUFK ILHOGV RI VWXG\ )LJXUH  DQG WKH OLWHUDWXUH UHYLHZHG ZDV ZLGH
UDQJLQJ IORZLQJDFURVVGLVFLSOLQHV7KHDGRSWLRQRI WKHSKUDVH field of study
KHUH LV GHOLEHUDWH LQ RUGHU WR LPSO\ WKDW WKHVH ILYH ILHOGV RI VWXG\ DUH QRW DOO
FODLPLQJ WKH VWDWXV RI D GLVFLSOLQH QRU DUH WKH\ HTXDOO\ DGYDQFHG LQ WKHLU
GHYHORSPHQW)RURXUSXUSRVHKHUHLWLVVXIILFLHQWWRDFNQRZOHGJHWKDWWKH\DUH
RYHUODSSLQJILHOGVRIVWXG\DQGDUHDVRIUHVHDUFKHQGHDYRXU,W LVZLWKXQGHU
VWDQGLQJ WKDW WKH ZRUG GLVFLSOLQH KDV EHHQ XVHG LQ WKLV VHFWLRQ 7KHVH ILYH


















WXUDO H[WHQVLRQ FRPPXQLFDWLRQ $(& SUHFLVLRQ DJULFXOWXUH 3$ FRJQLWLYH VFLHQFH &6 DQG






DW WKH QH[XV RI QDWXUH DQG FXOWXUH IRFXVLQJ RQ FRPPXQLFDWLRQ DQG KXPDQ
UHODWLRQVWRQDWXUHDQGQDWXUDOUHVRXUFHPDQDJHPHQW0LOVWHLQ
$JULFXOWXUDO H[WHQVLRQ DQG FRPPXQLFDWLRQ $(& /HHXZLV 
1LWVFK5|OLQJDVDILHOGRIVWXG\DQGSURIHVVLRQDOSUDFWLFHRULJL
QDWLQJ IURP WKH HUDZKHQXQLYHUVLWLHV DV NQRZOHGJH FHQWUHV VWDUWHG WRextend




WKLV ILHOG+LVWRULFDOO\ WKH XQGHUO\LQJPRWLYDWLRQ LQ DJULFXOWXUDO FRQWH[WV KDV
EHHQ WR LQFUHDVH IRRG SURGXFWLRQ WKRXJK LQ WKH SUHVHQW HUD WKH PLVVLRQ RI
DJULFXOWXUDO H[WHQVLRQ DQG FRPPXQLFDWLRQ LV ZHOO EH\RQG WKDW SXUSRVH DQG
WKURXJKDORQJFULWLTXHRIWKHNQRZOHGJHWUDQVIHUSDUDGLJPKDVQRZLQFRUSR




JOREDOSRVLWLRQLQJ V\VWHPV *36DQGRIWHQRWKHUJHRJUDSKLFDOGDWD WRDGDSW
GLIIHUHQW IDUPLQJ PHDVXUHV WR ZLWKLQILHOG YDULDWLRQ LQ GLIIHUHQW SDUDPHWHUV
7KH DLP LV WR LQFUHDVH FURS \LHOG DQGTXDOLW\ LPSURYH IDUPSURILWV E\PRUH
HIIHFWLYH XVH RI LQSXWV DQG GHFUHDVH WKH HQYLURQPHQWDO LPSDFW

KWWSZZZSUHFLVLRQVVNRODQVH 7R WKLV HQG SUHFLVLRQ DJULFXOWXUH SURYLGHV
SRVVLELOLWLHVIRUFURSIDUPHUV WRUHFRJQLVHDQGKDQGOHYDULDWLRQVLQ WKHVRLORU
FURSWRDPXFKILQHUGHJUHHWKDQHYHUEHIRUHWKXVLQFUHDVLQJVXVWDLQDELOLW\E\
GHFUHDVLQJ VXERSWLPDO WUHDWPHQWV WKDWXVXDOO\PD\ OHDG WRQHJDWLYHHQYLURQ
PHQWDOLPSDFWDQGDQLQFUHDVHLQSURILWDELOLW\GXHWRKLJKHUHIILFLHQF\LQXVDJH
RILQSXWVDQGKLJKHUFURSTXDOLW\
&RJQLWLYH VFLHQFH &6 /LQGEORP  5RJHUV  %HFKWHO et al
 +XWFKLQV  LV DQ LQWHUGLVFLSOLQDU\ UHVHDUFK ILHOG IRFXVLQJ RQ WKH
PLQGDQG LWVSURFHVVHV ,W LQYHVWLJDWHV WKHQDWXUH WDVNDQGIXQFWLRQRIFRJQL
WLRQ LQFOXGLQJ DUHDV VXFK DV OHDUQLQJ GHFLVLRQPDNLQJ SHUFHSWLRQ SUREOHP
VROYLQJODQJXDJHDQGPHPRU\7KHWUDGLWLRQDOIRXQGDWLRQVWDWHVWKDWFRJQLWLRQ
FDQEHXQGHUVWRRGDVUHSUHVHQWDWLRQDOVWUXFWXUHVDQGFRPSXWDWLRQDOSURFHGXUHV
e.g 5RJHUV  %HFKWHO et al  3\O\VK\Q  +HUH FRJQLWLYH
VFLHQFHLVXVHGDVD WKHRUHWLFDOIRXQGDWLRQWRLQFUHDVHXQGHUVWDQGLQJRIIDUP
HUV¶GHFLVLRQPDNLQJ LQ WKHLU VRFLRWHFKQLFDO FRQWH[W IRFXVLQJRQQDWXUDOLVWLF





DQG FRJQLWLYH SV\FKRORJ\ ,QLWLDOO\ WKHPDLQ IRFXVZDV RQ KXPDQFRPSXWHU
LQWHUDFWLRQper seEXWWKDWLVQRWVROHO\WKHFDVHQRZDGD\V,QVWHDGWKHIRFXV
KDVZLGHQHGWRGHVLJQLQJDQGGHYHORSLQJVLPSOHLQWXLWLYHDQGWUDQVSDUHQWXVHU
LQWHUIDFHV WKDW DUH XVDEOH HIILFLHQW DQG FUHGLEOH E\ZKLFK SHRSOH HDVLO\ FDQ
H[SUHVVWKHPVHOYHVWKURXJKYDULRXVFRPSXWDWLRQDOO\HQKDQFHGWRROVDQGPHGLD






,Q RUGHU IRU DJULFXOWXUH WR FRQVLGHU KDQGOH DQG FRQIURQW IXWXUH FKDOOHQJHV
WKHUH LV DQ LGHQWLILHG QHHG IRU QHZ NQRZOHGJH SHUVSHFWLYHV VWUDWHJLHV DQG
WHFKQRORJ\ -RUGDQ 	 'DYLV  *DUQHWW et al  /HHXZLV 
)DUPHUV¶ FRPSOH[ VRFLRWHFKQLFDO V\VWHP LQYROYHV WHFKQLFDO DVSHFWV DQG
FRJQLWLYH RUJDQLVDWLRQDO DQG VRFLDO FRPSRQHQWV7KHUHIRUH , KDYH FKRVHQ WR
WXUQWR WKHDERYHPHQWLRQHGILHOGVRIVWXG\ WRZLGHQWKHWHFKQLFDOELRORJLFDO
DQGQDWXUDOVFLHQFHNQRZOHGJHGHYHORSHGZLWKLQWKHILHOGRISUHFLVLRQDJULFXO
WXUH WR EULQJ FRJQLWLYH DQG KXPDQFHQWUHG LVVXHV WR DJULFXOWXUDO VFLHQFH DQG

IDUPLQJ SUDFWLFH (QYLURQPHQWDO FRPPXQLFDWLRQ FRQVWLWXWHV WKH EDVLV IRU WKH
ZRUNE\SURYLGLQJWKHRULHVDQGSHUVSHFWLYHVRQLQWHUDFWLRQLVPDQGFRQVWUXFWLY
LVP ZKHQ GHDOLQJ ZLWK VHYHUDO LVVXHV ZLWK UHJDUG WR QDWXUDO UHVRXUFH
PDQDJHPHQW %RWK HQYLURQPHQWDO FRPPXQLFDWLRQ DQG DJULFXOWXUDO H[WHQVLRQ
FRPPXQLFDWLRQDUH LPSRUWDQWIRU WKHVRFLDO OHDUQLQJDVSHFWVDQGIRUGLIIXVLRQ
RILQQRYDWLRQWRIDUPHUV¶VRFLRWHFKQLFDOFRQWH[W
)DUPHUV¶ GHFLVLRQPDNLQJ KDV WUDGLWLRQDOO\ EHHQ VWXGLHG XVLQJ WKHRUHWLFDO
IUDPHZRUNVIURPHFRQRPLFVFLHQFHVLPLODUWRWKHWUDGLWLRQDODSSURDFKZLWKLQ
FRJQLWLYHVFLHQFHZKLFKKDVUHVXOWHGLQOLPLWHGXQGHUVWDQGLQJRIWKHLUVLWXDWHG
DQG QDWXUDOLVWLF GHFLVLRQPDNLQJ SURFHVV WKDW HQFRPSDVVHV WKH ZKROH VRFLR
WHFKQLFDO V\VWHP ,Q RUGHU WR DFTXLUHPRUHNQRZOHGJHRI KRZ IDUPHUV¶ GHFL
VLRQPDNLQJ RFFXUV LQ LWV VRFLRWHFKQLFDO FRQWH[W in the wild , WXUQHG WR WKH










V\VWHPV WKDW DUH XVDEOH HIILFLHQW DQG FUHGLEOH WKURXJK FRQVLGHUDWLRQ RI WKH
XVHUFHQWUHG GHVLJQ 8&' DSSURDFK ZKLFK PD\ DOVR EHQHILW DJULFXOWXUH LQ
JHQHUDODQGSUHFLVLRQDJULFXOWXUHLQSDUWLFXODU
 0HWKRGRORJ\
$ TXDOLWDWLYH DSSURDFK XVLQJ QDWXUDOLVWLF LQTXLU\ ZDV DGRSWHGZKLFK LQ WKLV
WKHVLV ZDV WDNHQ WR EH LQWHUFKDQJHDEOH ZLWK TXDOLWDWLYH LQTXLU\ 1DWXUDOLVWLF
LQTXLU\LVFKDUDFWHULVHGE\REVHUYDWLRQVFRQGXFWHGLQQDWXUDOVHWWLQJV/LQFROQ
	 *XED  DQG IRFXVHV RQ GHHS DQG GHWDLOHG GHVFULSWLRQV RI DFWLRQV
EHKDYLRXUVFRQYHUVDWLRQVDFWLYLWLHVDQGLQWHUSHUVRQDO LQWHUDFWLRQVIURPILHOG
ZRUN3DWWRQ,QQDWXUDOLVWLF LQTXLU\ WKHFRQWH[W LV LQFRUSRUDWHGLQ WKH
DQDO\VLVEHFDXVHLWLVFRQVLGHUHGLPSRUWDQWIRUWKHLQWHUSUHWDWLRQRIWKHPHDQ
LQJ RI D VLWXDWLRQ 3DWWRQ  /LQFROQ 	 *XED  )XUWKHUPRUH LQ
QDWXUDOLVWLFLQTXLU\WKHTXDOLW\RIWKHGDWDFRPELQHGZLWKVRXQGFRQFOXVLRQVDUH
WKHPRVW LPSRUWDQW DVSHFWV WRDFKLHYH VFLHQWLILF ULJRXU 3DWWRQ3DWWRQ
SFODLPVWKDWthe validity, meaningfulness and insights generated 
from the qualitative inquiry have more to do with the information richness of 
the cases selected and the observational/analytical capabilities of the re-

searcher than with sample size 7KXV WKH TXDOLW\ RI WKH DQDO\VLV OLHV LQ WKH
SHUIRUPDQFH RI WKH VWXG\ LWVHOI ,Q QDWXUDOLVWLF LQTXLU\ HWKQRJUDSK\LQVSLUHG
GDWDFROOHFWLRQWHFKQLTXHVDUHFRPPRQO\XVHGDQGFRPELQHG7KHHWKQRJUDSK





FDVH VWXG\ZDV LQIOXHQFHG E\ WKHworkplace study PHWKRGRORJ\ /XII et al
ZLWK WKH IRFXV RQ IDUPHUV DQG WKHLU RSLQLRQV DQG QHHGVPRVWO\ XVLQJ
SDUWLFLSDQW REVHUYDWLRQ YLGHRUHFRUGLQJ ILHOG QRWHV DQG HWKQRJUDSKLF LQWHU
YLHZ DV GDWD FROOHFWLRQ WHFKQLTXHV 7KH VHFRQG FDVH VWXG\ PRVWO\ WRRN D
FRQFHSWXDODSSURDFKXVLQJGHVLJQPHWKRGRORJ\WRLQYHVWLJDWHSURVDQGFRQVLQ
LQLWLDWLQJDVKLIW LQ ,&7V\VWHPGHVLJQPHWKRGRORJ\IRUSUHFLVLRQDJULFXOWXUH
ZKHUH WKH WKHRUHWLFDOSDUWZDVXVHGDVD OHQV LQDQDO\VLQJDQGGLVFXVVLQJ WKH
GDWDFROOHFWHG
:RUNSODFH VWXGLHV LQYHVWLJDWH DQG DQDO\VH SHRSOH DQG WHFKQRORJ\ LQ DFWLRQ
DQGLQZKDWZD\VGLIIHUHQWWRROVDQGDUWHIDFWVDUHXVHGLQSUDFWLFDORUJDQLVDWLRQDO
FRQGXFW +HDWK et al  6XFK VWXGLHV DUH LPSRUWDQW WR XQGHUVWDQGLQJ RI
QDWXUDO V\VWHPV DQG FRQWULEXWH YDOXDEOH LQIRUPDWLRQ DERXW GHVLJQ XVDJH DQG
HYDOXDWLRQRIGLIIHUHQWWHFKQRORJLHV$QXPEHURIWKHRUHWLFDODSSURDFKHVWRVWXG\
SUDFWLFDO DFWLRQV LQ WKH ZRUNSODFH KDYH EHHQ VXJJHVWHG LQ WKH OLWHUDWXUH e.g
DFWLYLW\WKHRU\5RJHUVVLWXDWHGDFWLRQV6XFKPDQDQGWKHWKHRUHW
LFDOIUDPHZRUNRI'&RJ$FFRUGLQJWR+HDWKet alS³…Distributed 
Cognition>'&RJ@has provided the vehicle for a body of ethnographic work and 
an array of findings concerning the ways in which tools and technologies feature 
in individual and co-operative activity in organizational setting´$FFRUGLQJ WR
WKRVHDXWKRUV+XWFKLQVKDVSURYLGHGVRPHRIWKHPRVWLOOXPLQDWLQJDQG








YDOXHV LQFOXGLQJ D QHHG IRU LQFUHDVHG IRRG SURGXFWLRQ DQG HQYLURQPHQWDO
FRQFHUQV VXFK DV ELRGLYHUVLW\ DQG FOLPDWH FKDQJH DPRQJ RWKHUV LQ RUGHU WR
UHDFK KLJKHU OHYHOV RI VXVWDLQDELOLW\ LQ WKH GRPDLQ 6XVWDLQDEOH GHYHORSPHQW
KDV EHHQ GHILQHG E\ WKH %UXQGWODQG &RPPLVVLRQ :RUOG &RPPLVVLRQ RQ
(QYLURQPHQWDQG'HYHORSPHQWDVdevelopment which meets the needs 
of the present without compromising the ability of future generations to meet 
their own needs ,W DOVR FDOOV IRU FRQYHUJHQFH EHWZHHQ WKH WKUHH SLOODUV RI
HFRQRPLFGHYHORSPHQWVRFLDOHTXLW\DQGHQYLURQPHQWDOSURWHFWLRQ'UH[KDJH
	0XUSK\6XVWDLQDEOHLQWHQVLILFDWLRQRIWKHDJULFXOWXUHVHFWRUDLPVWR
LQFUHDVH IRRG SURGXFWLRQ IURP H[LVWLQJ IDUPODQGZKLOHPLQLPLVLQJ WKH HQYL
URQPHQWDO LPSDFW LQ RUGHU WR VHFXUH WKH QHHGV RI ERWK SUHVHQW DQG IXWXUH
JHQHUDWLRQV *DUQHWW et al  6XVWDLQDEOH LQWHQVLILFDWLRQ LQ DJULFXOWXUH
PHDQV,QFUHDVHGIRRGSURGXFWLRQLQFUHDVHGIRRGSURGXFWLRQRQH[LVWLQJ




,W LVZLGHO\DFNQRZOHGJHG WKDW IDUPLQJ LV D FRPSOH[G\QDPLF V\VWHP LQ
YROYLQJSURGXFWVDQGLPSDFWVWKDWDUHGLIILFXOWWRPHDVXUHOHWDORQHSUHGLFWDQG
FRQWUROe.g:RRGZDUGet al$FFRUGLQJO\KLVWRU\KDVVKRZQWKDWWKHUH
LV QR DJULFXOWXUDO GHYHORSPHQW PRGHO WKDW LV JHQHUDOO\ DSSOLFDEOH /HHXZLV
 7R LQFUHDVH VXVWDLQDELOLW\ LQ DJULFXOWXUH WKH VWUDWHJ\ ZLOO QRW EH D
TXHVWLRQRIDGDSWDWLRQWRDQ\JOREDOSROLF\RULQLWLDWLYHEXWZLOOLQVWHDGUHTXLUH
D QHYHUHQGLQJ ORFDO GHFLVLRQPDNLQJ SURFHVV GHSHQGLQJ RQ WKH IXQGDPHQWDO
FKDUDFWHULVWLFVRIWKHV\VWHPRILQWHUHVWDVZHOODVLWVVHQVLWLYLWLHVDQGYXOQHUD

ELOLWLHV 6FKOLQGZHLQ et al  7KXV WR PRYH DJULFXOWXUH DORQJ D PRUH
VXVWDLQDEOH WUDMHFWRU\ D ZLGH UDQJH RI DSSURDFKHV FRQYHQWLRQDO KLJKWHFK
DJURHFRORJLFDODQGRUJDQLFPXVWEHDVVHVVHGDQGWHVWHGLQUHODWLRQWRSK\VLFDO
DQG VRFLDO FRQWH[WV *DUQHWW et al  /HHXZLV  H[SUHVVHV WKLV DV
GLIIHUHQWVWDNHKROGHUVUHTXLULQJDIRFXVRQGHYHORSPHQWRIVLWXDWHGNQRZOHGJH
WKDWLVcomplex, diverse DQG local. 6FKOLQGZHLQet alFODLPWKDWDJULFXO
WXUDO DGDSWDWLRQ WR FOLPDWH FKDQJHZLOO EH D TXHVWLRQ RI DGMXVWLQJ practices
processes DQG capital LQ SDUDOOHO ZLWK FKDQJHV LQ social DQG institutional 
structuresDQGDOWHUHGtechnologicalRSWLRQV$QDJULFXOWXUDOWUDQVLWLRQSURJUHVV
ZLOO FOHDUO\ UHTXLUH LQWHJUDWLRQRI GLIIHUHQWPDMRU DSSURDFKHVZLWKLQ UHVHDUFK
DQGGHYHORSPHQWWRIDFHDQGFRQVLGHUDZLGHUUDQJHRIFRPSOH[LW\WKDQEHIRUH
DQG ILQG PRUH GLYHUVH VROXWLRQV RU VWUDWHJLHV PRUH FORVHO\ DGDSWHG WR ORFDO
VLWXDWLRQV -RUGDQ	'DYLV  ,Q WKLV WKHVLV WKH IRFXVZDV RQ IDUPHUV¶
VRFLRWHFKQLFDOV\VWHPLQUHODWLRQWRVWUDWHJLHVIRUPDQDJHPHQWRIFRPSOH[LW\
DULVLQJGXHWRZLWKLQILHOGYDULDWLRQLQGLIIHUHQWIDFWRUV,WFRQVLGHUHGERWKWKH
LQGLYLGXDO GHFLVLRQ PDNHU DQG WKH VLWXDWLRQ WKDW VKRXOG EH KDQGOHG VWDUWLQJ
ZLWKWKHEDVLFFRQYLFWLRQWKDWWKHUHLVDQHHGIRUEHWWHUDGDSWDWLRQRIGLIIHUHQW
IDUPLQJ PHDVXUHV WR ZLWKLQILHOG YDULDWLRQ LQ RUGHU WR LQFUHDVH \LHOG FURS
TXDOLW\ DQG IDUP YLDELOLW\ DQG GHFUHDVH WKH HQYLURQPHQWDO LPSDFWZKLFK DUH






WXUH LV WKH LQGLYLGXDOGHFLVLRQPDNHUPDNLQJVWUDWHJLF WDFWLFDODQGRSHUDWLYH
GHFLVLRQV EULGJLQJ WKHRU\ DQG SUDFWLFH DQG EDODQFLQJ WKH GHVLUDEOH ZLWK WKH
IHDVLEOH9DQ0HHQVHOet al0DWWKHZVet al7KXVWKHGHFLVLRQV
PDGH E\ HYHU\ LQGLYLGXDO IDUPHU ZLOO KDYH SRVLWLYH RU QHJDWLYH LPSDFW RQ
VXVWDLQDELOLW\LQDJULFXOWXUH9DQ0HQVHOet al0DWWKHZVet al
)DUPHUV¶GDLO\ZRUNDFWLYLWLHVDUHFRPSOH[LQVRIDUDV WKH\UHTXLUHNQRZOHGJH
DQG FRQVLGHUDWLRQ RI D ZLGH UDQJH RI ELRORJLFDO WHFKQRORJLFDO SUDFWLFDO
SROLWLFDO OHJDO HFRQRPLF HWKLFDO DQG VRFLDO IDFWRUV DQG FLUFXPVWDQFHV e.g
/LQGEORPet al 1LWVFK$FFRUGLQJ WR1LWVFK S WKH
YHU\ FRUH RI IDUP PDQDJHPHQW OLHV LQ the ability to coordinate complexity 
under uncertainty7KHIDUPHUQHHGVWRPDQDJHDZLGHUDQJHRIFRPSHWHQFHV
WRPDQDJH WKLV FRPSOH[LW\ LQFOXGLQJ  NQRZOHGJH DERXW WKH VXEMHFW FURS
SURGXFWLRQ etc  VNLOOV LQ IRUPDO SODQQLQJ WKH DELOLW\ WR NHHS HFRQRPLF
UHFRUGVDQGPDNHDEXGJHWSUDFWLFDOVNLOOV WKHDELOLW\ WRRUJDQLVHDQG WR

JHWIDUPWDVNVDQGFKRUHVGRQHLQWLPHDQGRULHQWDWLRQDERXWWKHLQVWLWXWLRQ
DO HQYLURQPHQW OHJLVODWLRQPDUNHW FRQGLWLRQV DJULFXOWXUDOSROLFLHVDQGRWKHU
LQVWLWXWLRQDO IDFWRUV+RZHYHU WKLV LVQRWHQRXJKThe crucial element is the 
ability to apply them in the coordination of the complexities of farming on a 
specific farm1LWVFKSIt is not a matter of doing everything right, 
rather it is a matter of making sure the right things are done1LWVFKS
 7KLV NLQG RI NQRZOHGJH LV SHUVRQDO DQG FDQQRW EH VHSDUDWHG IURP WKH
SHUVRQZKRKDVLW
6XVWDLQDEOHDJULFXOWXUHKDVWREHFRPHPRUHIOH[LEOHDQGDGDSWHGWRLWVHQYL
URQPHQW E\ VXSSRUWLQJ DQG DFNQRZOHGJLQJ WKH LQGLYLGXDO GHFLVLRQPDNHU LQ
WKHLU VRFLRWHFKQRORJLFDO FRQWH[W 7KXV LW LV WKH LQGLYLGXDO IDUPHUZLWK WKHLU
SHUVRQDO DQG VLWXDWHG NQRZOHGJHZKRPXVW DFKLHYH D VLJQLILFDQW SDUW RI WKH
JRDOVIRUDJULFXOWXUH7HFKQRORJ\LVFHQWUDOEXWPXVWEHXVHGLQWKHSURSHUZD\
LQRUGHU WR LQFUHDVHVXVWDLQDELOLW\$FFRUGLQJO\ LVVXHVDERXW LQGLYLGXDO WHFK
QLFDODQGRUJDQLVDWLRQDOGHYHORSPHQWDUHLPSRUWDQWDQGVXVWDLQDEOHDJULFXOWXUH




PRUH GHPDQGLQJ VLQFH IDUPHUV PXVW EH PRWLYDWHG WR FKDQJH WKHLU DFWLRQV
'HFL 	 5\DQ  +RZHYHU RQFH DFFHSWHG WKH SUREDELOLW\ RI KLJKHU
TXDOLW\ LQ WKHLUDFWLRQVLQUHODWLRQWRVXVWDLQDELOLW\ LVDOVRLQFUHDVHG'HFLDQG
5\DQ  PDNH D GLVWLQFWLRQ EHWZHHQ DXWRQRPRXV PRWLYDWLRQ DQG FRQ
WUROOHGPRWLYDWLRQ$XWRQRPRXVPRWLYDWLRQ LV FKDUDFWHULVHG DV ERWK VRFDOOHG
LQWULQVLF DQG LQWHJUDWHG PRWLYDWLRQ &RQWUROOHG PRWLYDWLRQ FRQVLVWV RI ERWK
H[WHUQDO DQG LQWURMHFWHGPRWLYDWLRQ IRUPRUH LQIRUPDWLRQ VHH'HFL	5\DQ
 ,W LVZHOONQRZQ WKDW DXWRQRPRXVPRWLYDWLRQ IRU D WDVN OHDGV WRPRUH
HIIHFWLYH SHUIRUPDQFH $FFRUGLQJ WR 'HFL DQG 5\DQ  VRFLDO HQYLURQ






LFDO V\VWHPV DUH GLIILFXOW WR H[SODLQ DQG LPSRVVLEOH WR SUHGLFW DQG FRQWURO
$FFRUGLQJO\H[DFWO\WKHVDPHVLWXDWLRQZLOOQHYHUUHDSSHDUDQGLWLVLPSRVVLEOH
WRUHSHDWDQDFWLRQWRLQYHVWLJDWHGLIIHUHQWDOWHUQDWLYHVXQGHUH[DFWO\WKHVDPH
FRQGLWLRQV LQ D FHUWDLQ ILHOG RQ D IDUP ,W LV DOVR HVVHQWLDO WR FRQVLGHU WKDW D
VROXWLRQ WRRQHSDUWRI WKH IDUPLQJSUDFWLFHFRXOGFUHDWHSUREOHPV LQDQRWKHU
SDUW RI WKH VDPHSUDFWLFH /HHXZLV $V D UHVXOW WKH LQGLYLGXDO IDUPHU

PXVWRIWHQEDODQFHDQGPDNH WUDGHRIIVEHWZHHQVHYHUDO VRPHWLPHVFRQIOLFW
LQJ HQYLURQPHQWDO JRDOV DQG ZHLJK HIILFLHQF\ DJDLQVW HQYLURQPHQWDO
FRQVLGHUDWLRQV 7KH FRQWLQXRXV DQG RQJRLQJ DFW RI FRPSDULQJ IRUPDO
NQRZOHGJH ZLWK VHOIH[SHULHQFHG UHVXOWV REWDLQHG GXULQJ HDUOLHU \HDUV LQ
GLIIHUHQW SODFHV LV PDGH HLWKHU FRQVFLRXVO\ RU XQFRQVFLRXVO\ FUHDWLQJ QHZ
NQRZOHGJH DQG UXOHV RI WKXPE LQ FXUUHQW IDUPLQJ SUDFWLFH /LQGEORP 	
/XQGVWU|P'XULQJWKLVNQRZOHGJHGHYHORSPHQWSURFHVVDEURDGUDQJH
RIGLIIHUHQWLQGLYLGXDODQGVRFLDOOHDUQLQJVLWXDWLRQVDUHRIPDMRULPSRUWDQFHLQ
LQIOXHQFLQJ WKH IDUPHU +RIIPDQ et al  S UHPDUNHG WKDW farmers 
work in a kind of life-long longitudinal case study set-up7KH\GHYHORSRSHUDW
LQJVNLOOVWRknow thatDFWLRQLVUHTXLUHGknow whatWRGRDQGDOVRknow how
WRVROYHDSUREOHPHYHQLILW LVFOHDU WR WKHPWKDW WKHDFWLRQVWKH\SHUIRUPHG
ZLOOSUREDEO\QRWDOZD\VEHRSWLPDO%DDUV
Care and expertise in farming practice 
$FFRUGLQJ WR .U]\ZRV]\QVND  H[SHULHQWLDO VLWXDWHG NQRZOHGJH LV
FHQWUDOIRUWKHGHOLYHU\RIWKHPXOWLSOHcareDVSHFWVWKDWVRFLHW\LVLQFUHDVLQJO\
H[SHFWLQJDQGGHPDQGLQJIURPIDUPHUVDQGDJULFXOWXUHCare LQ WKLVPHDQLQJ
LVQRWFRQVLGHUHGDQREOLJDWLRQDSULQFLSOHRUDQHPRWLRQEXWthe result of all 
practices that make technology and knowledge work DQGHQDEOHPDLQWHQDQFH
FRQWLQXDWLRQDQGUHSDLURIRXUIDUPLQJZRUOG.U]\ZRV]\QVNDS
7KH HPSKDVLV RQ all practices LV LPSRUWDQW EHFDXVH LW H[SDQGV WKH DUHD RI
LQWHUHVW IURP VSHFLILF LQWHUDFWLRQV WR D EURDGHU FRQWH[W e.g WKHZKROH IDUP
DQG FRXOG EH FRPSDUHGZLWK 1LWVFK¶V  FRQFHSW RI FRRUGLQDWLRQ VNLOOV
'HOLYHU\ RI FDUH LV GHSHQGHQW RQexpert situated knowledge,ZKLFK GHYHORSV
IURPH[SHULHQFHLQDSUDFWLFHDQGLVFRQVWLWXWHGE\attentiveness responsibility 









 ,W UDQJHV IURP D QRYLFH ZKR IROORZV UXOHV RU UHFLSHV WR DQ H[SHUW ZKR
DSSOLHV VRSKLVWLFDWHG KHXULVWLFV DQG XVHV H[SHULHQFH DQG LQWXLWLYH NQRZOHGJH




'UH\IXV  FODLP WKDW LQFUHDVHG H[SHULHQFHV DUH IROORZHG E\ GHFUHDVHG
FRQFHUQV IRU DVVHVVPHQWV RI LVRODWHG HOHPHQWV FXOWLYDWLQJ D KROLVWLF SHUVSHF
WLYH 7KXV D FRPSXWHU FRXOG IROORZ H[SOLFLW UXOHV DQG SHUIRUPEHWWHU WKDQ D
EHJLQQHU EXW FRXOG QRW ULYDO DQ HQJDJHG H[SHUW ZKRVH H[SHULHQFHEDVHG
LQWXLWLYHSURFHVV LV IDVW KROLVWLF DQG DFFXUDWH1HYHUWKHOHVV ,&7 V\VWHPV DUH
VXSHULRU WRKXPDQVZKHQe.gKDQGOLQJDQGFRPSXWLQJELJGDWDRUPHDVXULQJ
SURSHUWLHV WKDW KXPDQ VHQVHV FDQQRW SHUFHLYH &RQVHTXHQWO\ ,&7 V\VWHPV DV
GLIIHUHQW NLQGV RI FRJQLWLYH DUWHIDFWVZLWK UHSUHVHQWDWLRQDO IXQFWLRQV FRXOG FRP
SOHPHQWKXPDQDELOLWLHVSURPRWHGLIIHUHQWFRJQLWLYHDFWLYLWLHV IRUZKLFKKXPDQV
DUHSRRUO\ VXLWHG DQG HQKDQFH DQG VXSSRUW GHYHORSPHQWRI WKRVHFRJQLWLYH VNLOOV
ZKLFK KXPDQV DUH ELRORJLFDOO\ SUHGLVSRVHG WR SURFHVV HDVLO\ &ODUN  +X
PDQVFRQVWDQWO\SURFHVVLQIRUPDWLRQEXWWKHOLPLWHGKXPDQFDSDFLW\IRUDWWHQWLRQ
DQGSRRUVKRUWWHUPPHPRU\DUHVRPHFHQWUDOOLPLWDWLRQVIRUFRJQLWLYHFDSDFLW\






















7RVXPXS LQFUHDVHGVXVWDLQDELOLW\UHTXLUHVIDUPHUV WR LQFUHDVHWKHLUsituated 
knowledge EDVHG RQ H[SHULHQFH IURP WKHLU SUDFWLFH :LWKRXW VLWXDWHG
NQRZOHGJH WKHUH ZLOO EH QR GHYHORSPHQW RI expertise DQG DFFRUGLQJO\ QR
care ZLOO EH GHOLYHUHG 7KH LQWHUGHSHQGHQFHV EHWZHHQ expertise care DQG

situated knowledgeDUHLPSRUWDQWLQRUGHUWRLQFUHDVHVXVWDLQDELOLW\LQDJULFXO
WXUH 0RO et al  ,QFUHDVHG VXVWDLQDELOLW\ LQ IDUPLQJ SUDFWLFH UHTXLUHV
IXUWKHUDFNQRZOHGJHPHQWDQGUHVSHFWDVZHOODVSURPRWLRQDQGFXOWLYDWLRQRI














RI ILHOG LQWHUYHQWLRQV WR WKHZLWKLQILHOG YDULDWLRQV LQ GLIIHUHQW VRLO DQG FURS
SURSHUWLHV&RQVHTXHQWO\SUHFLVLRQDJULFXOWXUHLVGHSHQGHQWRQ,&7V\VWHPVLQ
RUGHU WR UHDFK LWV DLPV RI LQFUHDVHG \LHOG FURS TXDOLW\ IDUP YLDELOLW\ DQG






UHVXOWLQJ LQELJJHU IDUPVDVZHOODV ODUJHU ILHOGV. e.g LQ WKHUHZHUH
IDUPFRPSDQLHV LQ6ZHGHQRIZKLFKFXOWLYDWHGOHVVWKDQKHF
WDUHVZKHUHDVLQWKHUHZHUHIDUPFRPSDQLHVRIZKLFKRQO\
FXOWLYDWHG OHVV WKDQ  KHFWDUHV -RUGEUXNVYHUNHW 	 6&%  'XH WR WKLV
UDWLRQDOLVDWLRQIDUPHUVDUHQRZFXOWLYDWLQJODUJHUDUHDVDQGPDQ\VPDOOILHOGV
KDYHEHHQPHUJHG WR ODUJHUXQLWVRIWHQ OHDGLQJ WRDQ LQFUHDVHLQZLWKLQILHOG
YDULDWLRQ LQVRLOSURSHUWLHVDQGRWKHU IDFWRUV LPSRUWDQW IRUFURSJURZWK7KXV
LQFUHDVHGFRPSOH[LW\KDVRIWHQEHHQLQFRUSRUDWHGZLWKLQWKHLQGLYLGXDOILHOG
3UHFLVLRQDJULFXOWXUHUHSUHVHQWVDSDUDGLJPVKLIWLQSHUPLWWLQJFRQVLGHUDWLRQ





HYHU EHIRUH WKXV LQFUHDVLQJ VXVWDLQDELOLW\ WKURXJKGHFUHDVLQJ WKHXVHRI VXE
RSWLPDO WUHDWPHQWV OHDGLQJ WR QHJDWLYH HQYLURQPHQWDO LPSDFWV DQG LQFUHDVLQJ





WLHV LV RIWHQ ZHOO NQRZQ E\ WKH IDUPHU EXW LQ URXJK WHUPV ZKLOH LW LV VWLOO







7KHHPHUJHQFHRISUHFLVLRQDJULFXOWXUH WHFKQRORJ\KDV UHVXOWHG LQ WKHGH
YHORSPHQWRIPDQ\QHZDJULFXOWXUDOGHFLVLRQ VXSSRUW V\VWHPV $JUL'66 IRU
SUDFWLFDO IDUPLQJ EXW VR IDU WKH DGRSWLRQ UDWH KDV EHHQ UDWKHU ORZ OHDGLQJ
PDQ\UHVHDUFKHUVLQWKLVILHOGWRGLVFXVVWKHVRFDOOHGproblem of implementa-
tion e.g. ,95RVVLet al0F&RZQet al0DFNUHOOet al
0DWWKHZV0F&RZQ$VORQJDVWKHDGRSWLRQRIQHZWHFKQRORJ\
LV RSWLRQDO IRU IDUPHUV WKH\ ZLOO RQO\ DGRSW LI WKH WHFKQRORJ\ LV FRQVLGHUHG
usable DQG credible LQ WKHLU IDUPLQJ SUDFWLFH 0DWWKHZV  7KXV WKH
problem of implementationFDQEHH[SODLQHGDW OHDVWSDUWO\E\ WKHSURFHVVRI
KRZWKHPDMRULW\RIGHYHORSPHQWRIQHZWHFKQRORJ\KDVEHHQFRQGXFWHGVRIDU








EDVHG RQ WKH knowledge transfer SHUVSHFWLYH KDV UHVXOWHG LQPDQ\$JUL'66
WKDWDUHQRWDGDSWHGWRIDUPHUV¶DFWXDOQHHGVDQGSUDFWLFHVUHVXOWLQJLQOLPLWHG
XVDJH 7KH\ UHSUHVHQW D technological fix DFFRUGLQJ WR %ODFN  7KH
OLPLWHGXSWDNHRI$JUL'66LQIDUPLQJSUDFWLFHFRXOGEHH[SODLQHGE\WKHgap 
of relevance SHUFHLYHG RU H[SHULHQFHG E\ WKH HQGXVHUV i.e WKH IDUPHUV
0F&RZQ  7KHgap of relevance DQG WKH technological fix KDYH EHHQ





,QIRUPDWLRQ DQG FRPPXQLFDWLRQV WHFKQRORJ\ ,&7 V\VWHPV WKDW VXSSRUW
XVHUV LQ GHFLVLRQPDNLQJ DUH FDOOHG GHFLVLRQ VXSSRUW V\VWHPV '66
$OHQOMXQJ7KHDLPZLWK'66LVWRUHGXFHHIIHFWVRIKXPDQGHFLVLRQ
PDNLQJZHDNQHVVHV RU FRJQLWLYH OLPLWDWLRQV E\ IDFLOLWDWLQJ XVHU¶V DELOLW\ WR
SURFHVVKXJHDPRXQWVRI LQIRUPDWLRQRUH[SDQGLQJ WKHSHUFHSWLRQRU LPDJL
QDWLRQRI WKHGHFLVLRQPDNHU'HFLVLRQVXSSRUWV\VWHPVFDQVXSSRUWHLWKHUD
VLQJOHGHFLVLRQPDNHURUDJURXSRIGHFLVLRQPDNHUV LQPDNLQJPRUHHIIHF
WLYH GHFLVLRQVZKHQ GHDOLQJZLWK XQVWUXFWXUHGRU VHPLVWUXFWXUHG SUREOHPV
8QVWUXFWXUHGRU VHPLVWUXFWXUHGSUREOHPVDUHSUREOHPVZLWKRSHQHQGVDQG
ZLWKRXW FOHDU VROXWLRQV 'HFLVLRQ VXSSRUW V\VWHPV FDQ HLWKHU VXSSRUW WKH
GHFLVLRQPDNHULQDQRQJRLQJGHFLVLRQVLWXDWLRQRUFDQSUHSDUHWKHGHFLVLRQ
PDNHUWRSHUIRUPEHWWHULQWKHIXWXUHWKURXJKGHFLVLRQWUDLQLQJ7KH\FDQDOVR





ZKLFK LPSOLHV WKDW WKHUH LV DQ H[FKDQJH EHWZHHQ WKH V\VWHP DQG WKH XVHU
'HFLVLRQPDNHUVPXVW EH DEOH WR FRQIURQW D FKDQJH LQ FRQGLWLRQVZKLFK LV
ZK\'66PXVW EH DGDSWLYH DQG IOH[LEOH WRPHHW XVHU QHHGV DQG FDSDEOH RI
EHLQJ PRGLILHG E\ WKH XVHU $V PHQWLRQHG DERYH SUHFLVLRQ DJULFXOWXUH LV
GHSHQGHQW RQ ,&7 V\VWHPV DQG$JUL'66 WR SHUIRUP VLWHVSHFLILFPHDVXUHV
ZLWKLQDILHOG
Agricultural decision support systems (AgriDSS) 
7RGDWH DJULFXOWXUDO UHVHDUFKHUV KDYHXVHG$JUL'66 LQ DSUHVFULSWLYHPDQ
QHUWRWUDQVIHUNQRZOHGJHIURPVFLHQFHWRSUDFWLFDOZRUNDLPLQJWRLQFUHDVH
IDUPHUV¶ DFTXLVLWLRQ RI VFLHQWLILF NQRZOHGJH WR LQFUHDVH VXVWDLQDELOLW\ DQG
IDFLOLWDWH GLIIXVLRQ RI LQQRYDWLRQ 7KRUQEXUQ et al  0F&RZQ et al
/HHXZLV1LWVFK'XULQJ WKHSDVW\HDUV UHVHDUFKKDV
SURGXFHGD ODUJHQXPEHURI$JUL'66EXWPRVWRI WKHPKDYHQRWEHHQXVHG
DSSURSULDWHO\ LQ SUDFWLFH e.g5RVVLet al $XEHUWet al (DVW
ZRRG et al 0DWWKHZV 0F&RZQ  $JUL'66 GHYHORSHUV




3URVWet al.  S  LQYHVWLJDWHGHQGXVHUV XVLQJ WKHPHWKRGRORJ\RI
DJURQRPLF PRGHO GHYHORSPHQW DQG FRQFOXGHG WKDW WKHUH is little scientific 
debate about the design methodology considered as a whole, and even less 
about the link with the intended use of the models being designed7KH\WRRN
WKLVDVDQLQGLFDWLRQWKDWWKRVHTXHVWLRQVDUHQRWUHJDUGHGDVFHQWUDOWRSLFVLQ
WKHDJURQRPLFUHVHDUFKFRPPXQLW\HYHQWKRXJKWKHODFNRIXVHZDVFRQVLG





SHUVSHFWLYHV RI WHFKQRORJ\ DFFHSWDQFH RU GLIIXVLRQ RI LQQRYDWLRQV 2QH
LGHQWLILHGUHDVRQIRUWKHproblem of implementation LVWKHQRUPDWLYHZD\RI
GHYHORSLQJQHZWHFKQRORJ\ZLWKRXWFRQVLGHUDWLRQRIWKHDFWXDOQHHGVRIWKH
HQGXVHUV0F&RZQ7KLVRIWHQOHDGVWRGHYHORSPHQWRI$JUL'66WKDW
DUH QRW SHUFHLYHG DV useful RU KDYLQJ ease of use DQG DFFRUGLQJO\ UHPDLQ
XQDGRSWHG 3LHUSDROLHW et al  $XEHUW et al  7R EH XVHG DQ
$JUL'66PXVWEHFUHGLEOHIRU WKHHQGXVHUDQGILW LQWR WKHGHFLVLRQPDNLQJ
PLOLHXZKHUH LW VKRXOG EHXVHG 0DWWKHZV  7KHUH LV DQREYLRXV JDS
EHWZHHQ UHVHDUFK DQG SUDFWLFH 0DFNUHOO et al  WKDW 0F&RZQ et al
 GHILQHG DV D gap of relevance ZKLFK KDV WR EH EULGJHG RU DW OHDVW
GHFUHDVHGLIIDUPHUVDUHH[SHFWHGWRXVHGHYHORSHG$JUL'667REULGJHWKH
JDSRIUHOHYDQFHLWLVLPSRUWDQWWRLQFUHDVHXQGHUVWDQGLQJRIKRZLQGLYLGXDOV
LQ FRPSOH[ VLWXDWLRQV DFWXDOO\ PDNH GHFLVLRQV FRQVLGHULQJ WKHLU ZKROH
FRPSOH[ VRFLRWHFKQLFDO FRQWH[W 0RVW H[LVWLQJ UHVHDUFK RQ IDUPHUV¶ ZRUN
SUDFWLFHV LVEDVHGRQUDWLRQDOLVWLFDVVXPSWLRQV UDWKHU WKDQRQHPSLULFDOGDWD
IURPSUDFWLFHVWXGLHVLQUHDOOLIHVHWWLQJVDOWKRXJKWKHUHDUHVRPHH[FHSWLRQV
e.g/LQGEORP	/XQGVWU|P/LQGEORPet al%UDGIRUG





$FFRUGLQJ WR0DUUD et al  DGRSWLRQ RI QHZ WHFKQRORJ\ LV QRW D
TXHVWLRQRIGLIIXVLRQRI LQIRUPDWLRQRUNQRZOHGJH WUDQVIHU ,QVWHDG LW LV DQ
DFWLYHFKRLFHE\WKHGHFLVLRQPDNHUWRDGRSWQHZWHFKQRORJ\DQGWKHUHIRUHD
NLQG RI RQJRLQJ OHDUQLQJ SURFHVV $GRSWLRQ LV RIWHQ D NLQG RI VXEVWLWXWLRQ
SURFHVVZKHUHWKHGHFLVLRQPDNHUFKRRVHVWRVXEVWLWXWHRQHNLQGRIWHFKQRO






WLRQ LV FRPPXQLFDWHG WKURXJK GLIIHUHQW FKDQQHOV RYHU WLPH 5RJHUV 
%HIRUHDGRSWLRQ WKHLQGLYLGXDOFRQVLGHUV WKHSHUFHLYHGDGYDQWDJHFRPSDWL
ELOLW\ WULDO DELOLW\ FRPSOH[LW\ DQG REVHUYDELOLW\ FRPSDUHG ZLWK WKH
WHFKQRORJ\LWVXSHUVHGHV7KHSHUFHLYHGUHODWLYHDGYDQWDJHVGRQRWQHFHVVDUL
O\KDYHPXFKWRGRZLWKobjectiveDGYDQWDJHV$XEHUWet al0DWWKHZV
 5RJHUV  +LJK FRPSDWLELOLW\ WULDO DELOLW\ DQG REVHUYDELOLW\
QRUPDOO\LQFUHDVHDGRSWLRQZKLOHKLJKFRPSOH[LW\GHFUHDVHVLW$XEHUWet al
 FODLP WKDW SRVVLELOLWLHV WR REWDLQ SHUFHLYHG KLJKTXDOLW\ LQIRUPDWLRQ
DQG VXSSRUW DV ZHOO DV IDUPHUV¶ DQG WKHLU HPSOR\HH¶V NQRZOHGJH RI WKH
WHFKQRORJ\DUHLPSRUWDQWUHDVRQVEHKLQGVXFFHVVIXODGRSWLRQ2WKHUUHDVRQV
IRUWKHORZDGRSWLRQUDWHRI$JUL'66E\IDUPHUVDUHe.gDSHUFHLYHGODFNRI
FRQILGHQFHSRRUXVHU LQWHUIDFHGHVLJQ WHGLRXVGDWD LQSXW UHTXLUHPHQWV ORZ
DGDSWDWLRQ WR WKH IDUP VLWXDWLRQ QR IUHTXHQW LQIRUPDWLRQ XSGDWH ODFN RI
LQFHQWLYH WR OHDUQ DQG DGRSW QHZ SUDFWLFHV DQG IHDU RI KDYLQJ WR FKDQJH
DGYLVRU e.g5RVVLet al 9DQ0HHQVHOet al(DVWZRRGet al
 .HUU  9DQ 0HHQVHO et al.  DOVR SRLQW RXW WKDW VRPH
$JUL'66 WHUPLQRORJ\ DQG IXQFWLRQV DUH QRW DGDSWHG DQG HYHQ LUUHOHYDQW WR
WKHLQWHQGHGXVHUVDQGWKHLUDFWLYLWLHV
7ZR DGGLWLRQDO LPSRUWDQW FULWLFLVPV KDYH EHHQ PDGH RI GLIIXVLRQ RI UH






WLFH LQ OLQHZLWK WKH DVVXPSWLRQ RI WKH VRFDOOHGproblem of implementation 
ZKLFK DOVR DWWULEXWHV D SHUFHLYHG SUREOHP WR WKH XVHU QRW WKH GHYHORSHU ,Q
DGGLWLRQVXFFHVVLQWHFKQRORJ\WUDQVIHURUGLVVHPLQDWLRQWHQGVWRIRFXVRQWKH
QXPEHU RI DGRSWHUV QRW WKH ORQJWHUP FURVVGRPDLQ DQG FURVVVFDOH FRQVH










LQJO\ SDUWLFLSDWRU\ DSSURDFKHV LQ GHYHORSPHQW SURFHVVHV RI$JUL'66 KDYH
SURYHQWREHDVXFFHVVIDFWRULQPDQ\FDVHV9DQ0HHQVHOet al3URVW
et al.&HUIet al+RFKPDQ	&DUEHUU\7KRUEXUQet al
 -DNNX 	 7KRUQEXUQ  0DWWKHZV et al  0ăUXúWHU et al
 5HHG :RRGZDUG et al 0F&RZQ  3DUNHU	 6LQ
FODUH0RUHRYHU9DQ0HHQVHOet al DQG-DNNX	7KRUQEXUQ
 VWUHVV WKH LPSRUWDQFH RI SDUWLFLSDWRU\ DSSURDFKHV IRU WKH VXFFHVVIXO
GHYHORSPHQWRI$JUL'66DVZHOODVWKHUROHDQGUHOHYDQFHRIVRFLDOOHDUQLQJ
E\ WKH VWDNHKROGHUV LQYROYHG LQ WKH SDUWLFLSDWRU\ $JUL'66 GHYHORSPHQW
SURFHVV+RZHYHULQVWHDGRIGHYHORSLQJDQ$JUL'66DVDVWUDLJKWRSHUDWLRQ
DO WRRO WR KHOS IDUPHUV PDNLQJ GHFLVLRQV PDQ\ UHVHDUFKHUV KLJKOLJKW WKH
SRVVLELOLWLHVWRXVHDQ$JUL'66DVDVRFLDOOHDUQLQJWRROGXULQJGHYHORSPHQW
DQGGXULQJXVDJHZKLFKFDQIDFLOLWDWHGLVFXVVLRQVDQGOHDUQLQJDPRQJGLIIHU
HQW VWDNHKROGHUVZLWK GLIIHUHQW LQWHUHVWV DQG SHUVSHFWLYHV e.g+RFKPDQ	
&DUEHUU\7KRUQEXUQet al-DNNX	7KRUEXUQ0F&RZQ
  0DWWKHZV et al  7KHUHIRUH SDUWLFLSDWRU\ GHYHORSPHQW
SURFHVVHV LQYROYLQJ GLIIHUHQW VWDNHKROGHUV DUH LPSRUWDQW IRU GHYHORSLQJ
$JUL'66VLWXDWHGWRWKHGHFLVLRQPDNLQJSUDFWLFHRQWKHRQHKDQGDQGWRD
VRFLDO OHDUQLQJ FRQWH[W RQ WKH RWKHU )URP WKLV SHUVSHFWLYH WKH ODFN RI
SDUWLFLSDWRU\ DSSURDFKHV LV WKH FRUH RI WKH SUREOHPV RI LPSOHPHQWDWLRQ
LGHQWLILHG IRUPRVW$JUL'66$JULFXOWXUDOVFLHQFHVKRXOG IRFXVRQGHYHORS




PD\ EH TXLWH GLIIHUHQW 6FKOLQGZHLQ et al  UHIHU WR WZRPHWDSKRUV
GHVFULELQJDGDSWDWLRQWRDQXQVHFXUHVLWXDWLRQIRUDJULFXOWXUHLQUHODWLRQWR
FOLPDWH FKDQJH DQG FURS PRGHOV 7KH ILUVW FRQYHQWLRQDO PHWDSKRU LV






GHWHUPLQLVWLF UXOHV VR IRU LQVWDQFH FURSPRGHOV VKRXOGQRW EHXVHG LQ WKH
ZD\ WKH\ DUH QRUPDOO\ LQWHQGHG DV VRPH NLQG RI H[SHUW V\VWHP ,QVWHDG
FURSPRGHOVDQGRWKHUVLPLODUPRGHOVVKRXOGEHXVHGDVRQHDPRQJPDQ\
WRROVIRU WKHSUDFWLWLRQHU WR OHDUQ IURPGXULQJDGDSWDWLRQ WRQHZVLWXDWLRQV

6FKOLQGZHLQ et al  ,I OHDUQLQJ LV FRQVLGHUHG DV FUHDWLRQ RI
NQRZOHGJH WKURXJK WUDQVIRUPDWLRQ RI H[SHULHQFHV .ROE 
6FKOLQGZHLQet alFODLPWKDWLWLVWKHH[SHULHQFHVRIWKHXVHRIFURS
PRGHOVQRWWKHPRGHOVLQWKHPVHOYHVWKDWQHHGWREHFKDQJHG7KXVPDQ\
$JUL'66FRXOGEHXVHG RU SHUKDSV VKRXOGEHXVHG DV OHDUQLQJ WRROV HP





LPSRUWDQW RSSRUWXQLWLHV WR LQYROYH GLIIHUHQW VWDNHKROGHUV LQ WKH OHDUQLQJ
SURFHVV DQG WR IUDPH D FKDQJH IURP goal-orientated thinking WRZDUGV
thinking in terms of learning6FKOLQGZHLQet al
:LWKLQFUHDVHGFRPSOH[LW\LQDJULFXOWXUHLWLVGHVLUDEOHDQGHYHQQHFHVVDU\
IRUDGYLVRU\VHUYLFHVWRDGDSWWKHLUVWUDWHJLHVDFFRUGLQJWRWKHNLQGRIWHFKQRO
RJ\ RU NQRZOHGJH WKDW LV DFFHSWHG DQG XVHG LQ SUDFWLFH 3D\QH et al 
HVWDEOLVKHGQLQHDGYLVRU\DSSURDFKHVIURPVXFFHVVIXOO\DFFRPSOLVKHGSURMHFWV
RI ZKLFK IRXU DUH SUHVHQWHG LQ 7DEOH  IRU PRUH LQIRUPDWLRQ VHH
KWWSZZZUHGPHDWH[WHQVLRQFRQ] 7KH DSSURDFKHV SUHVHQWHG HQFRPSDVV
VWUDWHJLHV IURP technology push WR co-production PRGHOV LQYROYLQJ IDUPHUV
DGYLVRUV DQG UHVHDUFKHUV LQ GLIIHUHQW VXFFHVVIXOO\ DFFRPSOLVKHG SURMHFWV





















































 $VVLVWHG VWHHULQJ V\VWHPV IRU H[DPSOH KDYH EHHQ TXLFNO\ DGRSWHG
ZKLOH$JUL'66FRQVLGHULQJYDULDEOH IHUWLOLVDWLRQKDYHRQO\EHHQDGRSWHG WRD
OLPLWHGH[WHQW/RRNLQJDWWKHGLIIHUHQWFDWHJRULHVDQGWKHLUFKDUDFWHULVDWLRQVLQ
7DEOH  WKH UHDVRQ EHFRPHV UDWKHU REYLRXV ,Q WKH FDVH RI DVVLVWHG VWHHULQJ
V\VWHPVWKHDGYLVRU\DSSURDFKXVHGKDVEHHQtechnology push,QWKLVFDVHWKH
DSSURDFKZDV LQDFFRUGDQFHZLWK WKH WHFKQRORJ\ WKDWZRXOGEH LPSOHPHQWHG
DFFRUGLQJWR3D\QHet al.+RZHYHULQWKHFDVHRIPDQ\RWKHUSUHFLVLRQ
DJULFXOWXUH WHFKQRORJLHV WKH\ZRXOG IDOO LQWR WKHFDWHJRU\RIco-development 




$JUL'66 LV GHVLJQHG WR VROYH$V RQH IDUPHU LQWHUYLHZHG LQ DQRWKHU SURMHFW
VDLG ZKHQ FRQVLGHULQJ ZK\ KH GLG QRW XVH YDULDEOH UDWH DSSOLFDWLRQ 95$
ILOHVThey are not the lowest-hanging fruit– good drainage and soil structure 
and boom sprayers are more important
 7KHRUHWLFDOEDFNJURXQG
 )LQGLQJDQDOWHUQDWLYHWRWKHknowledge transfer SHUVSHFWLYH
$VPHQWLRQHGLQWKHSUHYLRXVFKDSWHUWKHSHUVSHFWLYHRIknowledge transferLQ
UHODWLRQ WR QHZ WHFKQRORJ\ KDV EHHQ ZLGHO\ FULWLFLVHG $XEHUW et al 




DOVRUHODWHVWRWUDGLWLRQDOFRJQLWLYHVFLHQFHDQGWKHcomputer metaphor of mind
&DUGet al$FFRUGLQJWRWKHGLDOHFWLFSHUVSHFWLYHWUXWKFDQEHGHWHU
PLQHGE\ ORJLFDO DUJXPHQWDWLRQ7KHGLDORJLF WUDGLWLRQZKLFK FODLPV WKDW
FRPPXQLFDWLRQ LV DQ H[FKDQJH RI LQIRUPDWLRQ EHWZHHQ SHRSOH OHDGLQJ WR
VRFLDO FRQVWUXFWLRQ RI PHDQLQJ HQYLURQPHQWDO FRPPXQLFDWLRQ UHVHDUFK LQ




VLGHUV QDWXUDO UHVRXUFH PDQDJHPHQW IURP D FRQVWUXFWLYLVW SHUVSHFWLYH XVLQJ

FRPPXQLFDWLRQ LQRUGHU WRKDYHSRVLWLYHHQYLURQPHQWDO LPSDFW 2HSHQ
(QYLURQPHQWDO FRPPXQLFDWLRQ FRQVLGHUV FRPPXQLFDWLRQ DV D WZRZD\ VRFLDO
LQWHUDFWLRQ SURFHVV WR FUHDWH D FRPPRQ XQGHUVWDQGLQJ HQDEOLQJ WKH SHRSOH
FRQFHUQHGWRXQGHUVWDQGNH\HQYLURQPHQWDOSKHQRPHQRQDQGWKHLULQWHUGHSHQG
HQFLHV DVZHOO DV WR DFW XSRQ WKHSUREOHPV LQ D FRPSHWHQWZD\$FFRUGLQJO\
HQYLURQPHQWDO FRPPXQLFDWLRQ GRHV QRW IRFXV RQ LQIRUPDWLRQ GLVVHPLQDWLRQ RU
NQRZOHGJH WUDQVIHU EXW UDWKHU RQ D VKDUHG YLVLRQ RI D VXVWDLQDEOH IXWXUH DQG
FDSDFLW\EXLOGLQJ LQ VRFLDOJURXSV WRGHDOZLWKRUSUHYHQW HQYLURQPHQWDOSURE
OHPV$FFRUGLQJWRHQYLURQPHQWDOFRPPXQLFDWLRQSHRSOHDUHQRWFRQYLQFHGWR
FKDQJHEHKDYLRXU GXH WR RQHZD\ FRPPXQLFDWLRQRI VFLHQWLILF NQRZOHGJH DQG
HFRORJLFDOFRQFHUQV5DWKHUHPRWLRQVDQGVRFLDOLVDWLRQDUHFHQWUDOZKLFKLVZK\










WKHXQLYHUVLW\ WHOOLQJD UHFHLYHU VRPHWKLQJ WKDWZRXOG LPSURYH WKHLUSUDFWLFH
7KLV WUDGLWLRQEXLOGVRQDFRQFHSWLRQWKDWVFLHQFHLV WKHHQJLQHRIPRGHUQLVD
WLRQDQGGHYHORSPHQWDQGWKDWRWKHUSHRSOHVKRXOGEHDEOHWRWDNHDGYDQWDJHRI
QHZ VFLHQWLILF ILQGLQJV ,Q DJULFXOWXUH WKLV WUDQVIHU RI NQRZOHGJH ZDV ORQJ
SHUIRUPHGLQFRQQHFWLRQZLWKWKHQHHGIRULQFUHDVHGIRRGSURGXFWLRQDQGWKHUH
ZDVDEHOLHIWKDWUDWLRQDOVFLHQWLILFLQVLJKWVDQGSURFHGXUHVZRXOGDXWRPDWLFDO
O\ FRQWULEXWH WR EHQHILFLDO GHYHORSPHQW IRU IDUPHUV DJULFXOWXUH DQG VRFLHW\
/HHXZLV  +RZHYHU H[SHULHQFHV IURP UHFHQW GHFDGHV VKRZ D PXFK
PRUHFRPSOLFDWHGSLFWXUHRIUHDOLW\6FLHQWLILFNQRZOHGJHKDVOHGWRLQFUHDVHG
SURGXFWLRQLQPDMRUDUHDVRIWKHZRUOGEXWDFFRPSDQLHGE\VHULRXVSUREOHPV
LQ UHODWLRQ WRDW OHDVWHQYLURQPHQWDO LVVXHV ,QDGGLWLRQVFLHQFHKDV ORQJSUR





LQGLYLGXDO WRVHHH[WHQVLRQDVD UDQJHRIVHUYLFHV IRVWHULQJQHZVWUDWHJLHV IRU
FRRUGLQDWLRQFKDQJHVIURPSUHGHILQHGSDWWHUQVWRJHQHUDWLYHGLPHQVLRQV
 LQGLFDWHV WKDW WKHUH LV D GXDO FRPSRQHQW LQ FKDQJHPDWHULDOWHFKQLFDO DQG

VRFLDORUJDQLVDWLRQDO  ZLGHQV H[WHQVLRQ EH\RQG GHFLVLRQPDNLQJ DQG HP
SKDVLVHV WKH LPSRUWDQFH RI VRFLDO OHDUQLQJ DQG QHJRWLDWLRQ DQG  UHGHILQHV
H[WHQVLRQ DV D WZRZD\RUPXOWLSOHZD\SURFHVV LQFOXGLQJ IDUPHUV DGYLVRUV
UHVHDUFKHUVDQGRWKHUVWDNHKROGHUVWRFRQWULEXWHWKHLUSHUVSHFWLYHVDQGLQVLJKWV
,QGRLQJ WKLV H[WHQVLRQ LV UHGHILQHG IURPknowledge transfer WRcommunica-






OHDUQHUV VHSDUDWH WKHPVHOYHV IURP WKHH[WHUQDOZRUOG.QRZOHGJH LV ORFDWHG LQ
WKH H[WHUQDO ZRUOG ZDLWLQJ WR EH H[SORUHG DQG WKHUH LV DQ REMHFWLYH truth WR
GLVFRYHU7KLVNLQGRIOHDUQHUKDVDWHQGHQF\WRVHHWKLQJVLQEODFNRUZKLWHULJKW
RUZURQJ$W WKH VHFRQG OHYHO WKH OHDUQHU KDV UHFRJQLVHGPRUH DVSHFWV RI WKH








ZRXOG QHHG D OHDUQLQJ DSSURDFK DFFRUGLQJ WRZKDW 6DOQHU  GHVFULEHV DV
FRQWH[WXDOUHODWLYLVP0DQ\IDUPHUVSUREDEO\DOUHDG\KDYHWKLVNLQGRIOHDUQLQJ
DSSURDFK LQ PDQ\ DVSHFWV RI WKHLU IDUPLQJ SUDFWLFH +RZHYHU FRQVLGHULQJ





DV QRWHG DERYH EXW DOVR QHZ PHWKRGRORJLFDO VWUDWHJLHV 6LQFH DJULFXOWXUDO
UHVHDUFKPDLQO\ VWLOOXVHV WKHknowledge transfer WUDGLWLRQ LQGHYHORSPHQWRI
$JUL'66,WXUQHGWRWKHUHVHDUFKILHOGRIKXPDQFRPSXWHULQWHUDFWLRQ+&,
WR LQYHVWLJDWHZKHWKHU LWKDV WKHRULHVDQGPHWKRGRORJLHV WKDWZRXOGEHXVHIXO
LQDJULFXOWXUH+XPDQFRPSXWHULQWHUDFWLRQLVFRPPRQO\FKDUDFWHULVHGDV>«@ 





interactive computing systems for human use and with the study of major 
phenomena surrounding them 7KH $&0 6,*&+, *URXS  *HQHUDOO\
VSHDNLQJ +&, DV DQ LQWHUGLVFLSOLQDU\ ILHOG IRFXVHV RQ WKH YDULRXV ZD\V LQ
ZKLFKKXPDQVLQWHUDFWZLWK,&7DQGPDQ\WH[WERRNVKDYHVXFFHVVIXOO\KLJK
OLJKWHGWKHFHQWUDOSULQFLSOHVLQDQDO\VLVGHVLJQDQGGHYHORSPHQWIRUDFKLHYLQJ
XVDELOLW\ RI WKHVH KXPDQWHFKQRORJ\ LQWHUDFWLRQV e.g ,VVD 	 ,VDLDV 







WKHLU NQRZOHGJH RI KRZ WR WKLQN LQ WHUPV RI IXWXUH XVHUV¶ QHHGV YDOXHV DQG





WKH FDVH1RZ WKH IRFXV LV RQ GHYHORSLQJ VLPSOH LQWXLWLYH WUDQVSDUHQW XVHU
LQWHUIDFH GHVLJQV E\ ZKLFK SHRSOH FDQ HDVLO\ H[SUHVV WKHPVHOYHV WKURXJK
YDULRXVFRPSXWDWLRQDOHQKDQFHGWRROVDQGPHGLD+XPDQFRPSXWHULQWHUDFWLRQ
DQG LQWHUDFWLRQGHVLJQ LV QRZDGD\VXVHG DV DQXPEUHOOD WHUP IRU DZLGH DQG
JURZLQJILHOGZKLFKRYHUODSVZLWKPDQ\RWKHUILHOGVERWKDFDGHPLFGLVFLSOLQHV
DQGGHVLJQSUDFWLFHV
9DULRXV,&7V\VWHPVKDYHEHFRPHLPSRUWDQW WRROV LQ WKHZRUNDQGHYHU\
GD\OLIHRIPDQ\LQGLYLGXDOV/DWHO\DGLVFXVVLRQRQVXVWDLQDEOH,&7V\VWHPV
KDV EHHQ LQWURGXFHG DQG ,&7 GHYHORSPHQW KDV EHHQ DGGUHVVHG FRQVLGHULQJ









EHU RI GHVLJQ PHWKRGRORJLHV FDQ EH XWLOLVHG 7KHVH JHQHUDOO\ KDYH WKH
IROORZLQJ FKDUDFWHULVWLFV LQ FRPPRQ  8VHU LQYROYHPHQW WKURXJKRXW WKH
ZKROH GHVLJQ SURFHVV  LQWHJUDWLRQ RI GLIIHUHQW NLQGV RI GLVFLSOLQHV DQG

H[SHUWLVH  FRQGXFWLQJ HIIHFWLYH IRUPDWLYH DQG VXPPDWLYH XVDELOLW\ HYDOXD






LQ WHUPV RIPHDVXUDEOH XVDELOLW\ DWWULEXWHV DQG FKDUDFWHULVHG DV the extent to 
which a product can be used by specified users to achieve specified goals with 
effectiveness, efficiency, and satisfaction in a specified context of use+RZHY
HUJRRGXVDELOLW\GRHVQRWDSSHDUE\LWVHOIVLQFHLWKDVWREHV\VWHPDWLFDOO\DQG





FULWLFDO IDFWRU LQ VXFFHVVIXOO\ GHYHORSLQJ ,&7 V\VWHPV LQ JHQHUDO +DUULV 	
:HLVWURIIHU7KHUHVXOWRIHPSOR\LQJ8&'PHWKRGRORJ\ZKHQGHVLJQLQJ
DQGGHYHORSLQJDQ$JUL'66LVDPRUHHIILFLHQWVDWLVI\LQJDQGXVDEOHH[SHULHQFH






analysis phaseWKHdesign phaseDQGWKHevaluation phase*HQHUDOO\VSHDNLQJ
WKH SXUSRVH RI WKH DQDO\VLV SKDVH LV WR XQGHUVWDQG WKH QHHG RI WKH LQWHQGHG
XVHUVDQGWKHFRQWH[WRIXVHZKLOHWKHGHVLJQSKDVHLQYROYHVWKHFUHDWLRQRID
FRQFHSWXDO GHVLJQ FRQFHSW WKH LQWHUDFWLRQ SDWWHUQ WKH look and feel RI WKH
SURGXFWDQGSURWRW\SLQJWRUHDOLVHGLIIHUHQWGHVLJQDOWHUQDWLYHV7KHHYDOXDWLRQ
SKDVHIRFXVHVRQYHULILFDWLRQDQGUHILQHPHQWRIWKHGHVLJQVROXWLRQ$QGUHDV
VRQ et al  $FFRUGLQJ WR $QGUHDVVRQ et al  WZR RI WKH PRVW
FRPPRQO\XVHG8&'PHWKRGRORJLHVDUHuser-centred systems design 8&6'
*XOOLNVHQet al*|UDQVVRQet alDQGparticipatory design3'
%MHUNQHVet al
8VHUFHQWUHGV\VWHPVGHVLJQLVDPHWKRGWKDWIRFXVHVRQXVDELOLW\ WKURXJK
WKH HQWLUH ,&7 V\VWHP OLIH F\FOH*XOOLNVHQet al  DGGUHVVHG D ODFN RI




NH\SULQFLSOHV LQYROYHDFOHDUXVHU IRFXVZLWKXVHU LQYROYHPHQW LWHUDWLYHDQG





WKH LQWURGXFWLRQ PXVW EH SODQQHG ZKHUH XVHU HGXFDWLRQ DQG WUDLQLQJ LV SHU
IRUPHGDQGWKHQHHGIRUQHFHVVDU\VXSSRUWDQGLQVWUXFWLRQPDQXDOVLVLGHQWLILHG
IRUIXUWKHUGHWDLOVVHH*XOOLNVHQet al*|UDQVVRQet al
$PRUHUDGLFDO8&'DSSURDFKLV WKHScandinavian modelofparticipatory 
design603'HPHUJLQJZLWKLQWKHV\VWHPGHYHORSPHQWILHOGDPRQJDJURXS
RI 6FDQGLQDYLDQ UHVHDUFKHUV IRFXVLQJ RQ WKH GHPRFUDWLVDWLRQ RIZRUNLQJ OLIH
%MHUNQHVet al7KH603'DSSURDFKLVFKDUDFWHULVHGDVDWWHPSWLQJWR
DFWLYHO\HQJDJHGLIIHUHQWNLQGVRIXVHUVDQGVWDNHKROGHUVWKH\DOODUHVHHQDV
HTXDOSDUWQHUV LQ WKH ,&7GHVLJQSURFHVV LQRUGHU WRHQVXUH WKDW WKHSURGXFW
GHVLJQHG IXOILOV WKHLU QHHGVDQG LV XVHIXO7KH DSSURDFK DOVR VWUHVVHV WKH LP




ELOLW\ i.e DGDSWLQJ WKH V\VWHP WR WKHend-users’ DQGstakeholders’ QHHGVDQG
JRDOV ZKLFK VLJQLILFDQWO\ LQFUHDVHV WKH SRVVLELOLW\ RI VDWLVILHG XVHUV DQG
$JUL'66VXFFHVV7KHILQDO$JUL'66 LVQRWDQHQG LQ LWVHOI UDWKHU LWFDQEH
FRQVLGHUHGDmeans WRWKHHQGRISURYLGLQJJRRGXVDELOLW\DQGVXSSRUWLQJWKH
DFWXDOWDVNVIRUWKHLQWHQGHGXVHUV
,Q WKH ODVW SDUW RI WKLV WKHRUHWLFDO EDFNJURXQG , UHWXUQ WR WKH LQGLYLGXDO
IDUPHUDQGWKHLUVRFLRWHFKQLFDOV\VWHPLQRUGHUWRSUHVHQWWKHRULHVWKDWFDQEH





PDNLQJ LV KXJH DQG GDWHV EDFN WR WKH WK FHQWXU\ 5HVHDUFK RQ GHFLVLRQ
PDNLQJ DV D FRJQLWLYH SKHQRPHQRQ LV FRPSUHKHQVLYH DQG KDV EHHQ SXUVXHG
IURPVHYHUDOGLIIHUHQWSHUVSHFWLYHVRYHUWKHGHFDGHVZLWKFRJQLWLYHSV\FKROR
J\ PDUNLQJ WKH EHJLQQLQJ RI WKH HPSLULFDO VWXG\ RI LQGLYLGXDOV PDNLQJ




HV i.e QRUPDWLYH SUHVFULSWLYH DQG GHVFULSWLYH WKHRULHV $OHQOMXQJ  ,Q
VKRUW QRUPDWLYH WKHRULHV GHVFULEH KRZ GHFLVLRQV VKRXOG EH PDGH UDWLRQDOO\
e.g.DKQHPDQ	7YHUVN\3ORXVDQGDUHRIWHQFDOOHGFODVVLFDO
GHFLVLRQPDNLQJ WKHRULHV 1RUPDWLYH WKHRU\ VWXGLHV DUH RIWHQ FRQGXFWHG LQ
ODERUDWRU\ VHWWLQJV WR DFKLHYH D KLJK GHJUHH RI FRQWURO 7KH LQWHQWLRQ LV WR
SUHGLFW IXWXUH EHKDYLRXU LQ ZHOOGHILQHG WDVNV %UDGIRUG  3UHVFULSWLYH
WKHRULHV FRQFHUQ KRZSHRSOH FDQ EH KHOSHG DQG WUDLQHG WRPDNH EHWWHU GHFL
VLRQV YLD WKH XVH RI FKHFNOLVWV DQG HYDOXDWLRQ WRROV $OHQOMXQJ 
'HVFULSWLYH WKHRULHV FRQFHUQ KRZSHRSOH DFWXDOO\PDNH GHFLVLRQVZKHUH WKH








DSSURDFKHV EDVHG RQ GHFLVLRQPDNLQJ in the wild ZKLFK PHDQV VWXG\LQJ
SHRSOHPDNLQJGHFLVLRQV LQG\QDPLF DQG FRPSOH[GRPDLQV7KH LQGLYLGXDO¶V
H[SHULHQFHVDQGNQRZOHGJHDUH WDNHQ LQWRDFFRXQWDQGDOVR IRUH[DPSOH WLPH
SUHVVXUH DQG KLJK XQFHUWDLQW\ 2UDVDQX	&RQQROO\ $OWKRXJK1'0








WLPH KRUL]RQ 7DFWLFDO GHFLVLRQV DIIHFW WKH VWUDWHJLF OHYHO EXW DUH SULPDULO\
DERXW JHWWLQJ WKH EXVLQHVV WR IXQFWLRQ HIILFLHQWO\ DQG HIIHFWLYHO\ EDVHG RQ
GHFLVLRQVDWWKHVWUDWHJLFOHYHODQGKDYHWKHUHIRUHDVKRUWHUWLPHKRUL]RQ7KH
ORZHVW RSHUDWLRQDO OHYHO LQYROYHV WKH GLIIHUHQW WDVNV FDUULHG RXWPDLQO\ RQ D
GDLO\ EDVLV i.e IURP D VKRUWWHUP SHUVSHFWLYH ,W VKRXOG EH QRWHG WKDW WKH
LQIRUPDWLRQ UHTXLUHPHQWV DQG WKH GHFLVLRQPDNLQJ SURFHVVHV YDU\ IRU WKH
GLIIHUHQWOHYHOV7KHDFWXDOGHFLVLRQVLWXDWLRQPD\DOVRKDYHYDU\LQJGHJUHHVRI
VWUXFWXUHDVVRPHDUHZHOOVWUXFWXUHGZKLOHRWKHUVDUHXQVWUXFWXUHGDQGVRPH
HIIRUW KDV WR EH PDGH WR JUDVS ZKDW WKH GHFLVLRQ VLWXDWLRQ LV DFWXDOO\ DERXW
$OHQOMXQJ












FDOPRGHOOLQJ WR GHVFULEH IDUPHUV¶ GHFLVLRQPDNLQJ *UD\et al 7KLV
ZD\ RI FRQVLGHULQJ GHFLVLRQPDNLQJPDNHV LW QRWKLQJPRUH WKDQ D VHULHV RI
ZHOOGHILQHGRSWLRQV IURPZKLFK WKHGHFLVLRQPDNHU FKRRVHV REMHFWLYHO\ DQG
WUDQVSDUHQWO\7KDW SHUVSHFWLYHKDV UHVXOWHG LQ D IRFXVRQ WKHGHFLVLRQ UHVXOW
LQVWHDGRIWKHSURFHVVEHKLQGGHFLVLRQPDNLQJDQGLWKDVWHQGHGWRIRUJHWWKH
IDUPHUDVDKXPDQEHLQJ LQ IDUPPDQDJHPHQW$QRWKHU LPSRUWDQWDVSHFWRI
IDUPHUV¶ GHFLVLRQPDNLQJ LV WKDW IDUP PDQDJHPHQW LV QRW DERXW PDNLQJ D
VLQJOH GHFLVLRQ RQ WKH FRQWUDU\ LW LV DQ RQJRLQJ F\FOLF SURFHVV RI SODQQLQJ
LPSOHPHQWDWLRQ DQG FRQWURO *UD\ et al  RQ DOO WKUHH OHYHOV VWUDWHJLF
WDFWLFDO DQG RSHUDWLRQDO &RQVHTXHQWO\ WKH FRQYHQWLRQDO QRUPDWLYH ZD\ RI
GHVFULELQJDQGH[SODLQLQJIDUPHUV¶GHFLVLRQPDNLQJKDVIDLOHGWRFRQVLGHUKRZ
GHFLVLRQVDUHPDGHLQSUDFWLFHVLQFHLWIDLOVWRH[SODLQGHFLVLRQPDNLQJWKDWLV
FRPSOH[ G\QDPLF DQG LOOGHILQHG /LQGEORPet al *UD\et al 
gKOPHUgKOPHUet al DPRQJRWKHUVSRLQWHGRXW WKHQHHGIRU
UHYLVLRQRIWKHDSSURDFKHVXVHGLQUHVHDUFKWRLQYHVWLJDWHDQGGHVFULEHIDUPHUV¶
GHFLVLRQPDNLQJ $FFRUGLQJ WR /LQGEORP et al  WR JHW WKH KROLVWLF
SHUVSHFWLYHQHFHVVDU\ WRXQGHUVWDQGKRZIDUPHUVPDNHGHFLVLRQVZLWKLQ WKHLU




'LVWULEXWHG FRJQLWLRQ '&RJ GHYHORSHG GXULQJ WKH PLGV RXW RI D
FULWLFLVP ZLWKLQ WUDGLWLRQDO FRJQLWLYH VFLHQFH UHJDUGLQJ WKH SODQEDVHG
LQGLYLGXDOLVWLFFRQFHSWLRQRIKXPDQFRQGXFWe.g/LQGEORP+HDWKet 





DV D ZKROH SKHQRPHQRQ &ODUN  )URP D '&RJ SHUVSHFWLYH KXPDQ
FRJQLWLRQLVIXQGDPHQWDOO\GLVWULEXWHGLQWKHVRFLRWHFKQLFDOHQYLURQPHQWWKDW
WKH LQGLYLGXDO LQKDELWV 7KURXJK LWV V\VWHP SHUVSHFWLYH'&RJ GLVFDUGV WKH
LGHD WKDW KXPDQ PLQG DQG HQYLURQPHQW FDQ EH VHSDUDWHG DQG VWDWHV WKDW
FRJQLWLRQ VKRXOG LQVWHDG EH FRQVLGHUHG DV D SURFHVV UDWKHU WKDQ DV EHLQJ
FRQWDLQHGLQVLGHWKHPLQGRIWKHLQGLYLGXDO+HQFH'&RJYLHZVFRJQLWLRQDV




XWWHUDQFHV ZULWWHQ RU GUDZQ LQ V\PEROLF ODQJXDJH RU QRWLILFDWLRQ V\VWHPV




WLYH SURFHVVHV DUH H[WHUQDOLVHG DQG YLVXDOLVHG $Q LPSRUWDQW DVSHFW RI WKH
V\VWHP YLHZ LV WKDW FRJQLWLRQ LV VHHQ DV D FXOWXUDOO\ VLWXDWHG DFWLYLW\ DQG
VKRXOG EH VWXGLHG ZKHUH LW QDWXUDOO\ RFFXUV i.e in the wild 7KH '&RJ
IUDPHZRUNGLIIHUVIURPRWKHUFRJQLWLYHDSSURDFKHVE\LWVFRPPLWPHQWWRWZR
WKHRUHWLFDO SULQFLSOHV +ROODQ et al  7KH ILUVW SULQFLSOH FRQFHUQV WKH
ERXQGDULHV RI WKH XQLW RI DQDO\VLV IRU FRJQLWLRQ ZKLFK LV GHILQHG E\ WKH
IXQFWLRQDOUHODWLRQVKLSEHWZHHQWKHGLIIHUHQWHQWLWLHVRIWKHFRJQLWLYHV\VWHP
VHH)LJXUH7KHVHFRQGSULQFLSOHFRQFHUQV WKH UDQJHRISURFHVVHV WKDW LV
FRQVLGHUHGWREHFRJQLWLYHLQQDWXUH,Q WKH'&RJYLHZFRJQLWLYHSURFHVVHV
DUH VHHQDVFRRUGLQDWLRQDQG LQWHUDFWLRQEHWZHHQ LQWHUQDOSURFHVVHV DVZHOO
DV PDQLSXODWLRQ RI H[WHUQDO REMHFWV DQG WKH SURSDJDWLRQ RI UHSUHVHQWDWLRQV
DFURVVWKHV\VWHP¶VHQWLWLHV:KHQWKHVHSULQFLSOHVDUHDSSOLHGWRWKHREVHUYD
WLRQ RI KXPDQ DFWLYLW\ in situ WKUHH NLQGV RI '&RJ SURFHVVHV EHFRPH
REVHUYDEOH +ROODQ et al   Across WKH PHPEHUV RI D JURXS 









'&RJDVFRJQLWLRQ LV VHHQDVFRRUGLQDWLRQ WUDQVIRUPDWLRQDQGSURSDJDWLRQ
RIUHSUHVHQWDWLRQDOVWDWHVZLWKLQDV\VWHP+ROODQet alWDNHWKHVWDQFH
WKDW UHSUHVHQWDWLRQV DUH QRW RQO\ WRNHQV WKDW UHIHU WR VRPHWKLQJ RWKHU WKDQ
WKHPVHOYHVEXWDUHDOVRPDQLSXODWHGE\KXPDQVDVEHLQJSK\VLFDOSURSHUWLHV
+XPDQV VKLIW IURP DWWHQGLQJ WR WKH UHSUHVHQWDWLRQ WR DWWHQGLQJ WR WKH WKLQJ
UHSUHVHQWHG ZKLFK SURGXFHV FRJQLWLYH RXWFRPHV WKDW FRXOG QRW KDYH EHHQ
DFKLHYHGLIUHSUHVHQWDWLRQVZHUHDOZD\VVHHQDVUHSUHVHQWLQJVRPHWKLQJHOVH
$QH[DPSOHJLYHQE\+XWFKLQVLVWKHQDYLJDWLRQDOFKDUW7KHFKDUWLV
XVHG IRU RIIORDGLQJ FRJQLWLYH HIIRUW e.g PHPRU\ GHFLVLRQPDNLQJ WR WKH
HQYLURQPHQWDQGWRSUHVHQWLQIRUPDWLRQWKDWKDVEHHQDFFXPXODWHGRYHUWLPH
)XUWKHUPRUH+XWFKLQVGHVFULEHVWKHQDYLJDWLRQDOFKDUWDVDQDQDORJXH




UHODWLRQVKLSEHWZHHQ WKH H[WHUQDO DQG WKH LQWHUQDO FRQVWUXFWV FXOWXUDOPHDQ
LQJ DQG LV SDUW RI WKH VDPH FRJQLWLYH HFRORJ\ %\ LGHQWLI\LQJ SURFHVVHV
SURSHUWLHV DQG EUHDNGRZQV LQ D IXQFWLRQDO V\VWHP WKH IRFXV LV PDLQO\ RQ
G\QDPLFDVSHFWVRIDFWLYLW\SURSDJDWLRQRINQRZOHGJHWKURXJKWKHIXQFWLRQDO





+XPDQ FRJQLWLRQ HPEUDFHV PDQ\ FRJQLWLYH SURFHVVHV LQFOXGLQJ OHDUQLQJ
DQG GHFLVLRQPDNLQJ WKDW FDQ EH UHYHDOHG E\ DSSO\LQJ WKH WKHRUHWLFDO IUDPH
ZRUNRI'&RJLQYDULRXVVLWXDWLRQVDQGFRQWH[WV+XWFKLQV¶VGHILQLWLRQ
RIOHDUQLQJIURPD'&RJSHUVSHFWLYHLVIRUPXODWHGDV³adaptive reorganization 
in a complex system´+HGHVFULEHV OHDUQLQJ DV VLPXOWDQHRXV FRRUGLQDWLRQRI
PDQ\GLIIHUHQWPHGLDZLWKLQDFRPSOH[IXQFWLRQDOV\VWHPDQGFODLPVWKDWWKH
SURSHU XQLW RI DQDO\VLV IRU OHDUQLQJ RU FRJQLWLYH FKDQJH LQFOXGHV WKH ZKROH
VRFLRWHFKQLFDOHQYLURQPHQWWKDWKXPDQVLQKDELW'LVWULEXWHGFRJQLWLRQWDNHVD
V\VWHPLFSHUVSHFWLYHDQGGLVFDUGV WKH LGHD WKDW WKHKXPDQPLQGDQG LWVHQYL
URQPHQWFDQEH VHSDUDWHG /LQGEORP+XWFKLQV GRHVQRW WU\ WR
GHVFULEHDQ\PHQWDOPHFKDQLVPVZLWKZKLFKWKHEHKDYLRXUVRIWKHUHSUHVHQWD
WLRQVFDQEHPRGHOOHG$FFRUGLQJWR+ROODQet alWKHHQYLURQPHQWWKDW
HQFORVHV SHRSOH LQ WKHLU HYHU\GD\ OLIH FRXOG EH YLHZHG DV D UHVHUYRLU RI UH




WXUDOO\ VLWXDWHG DFWLYLW\ WKDW VKRXOG EH VWXGLHG ZKHUH LW QDWXUDOO\ RFFXUV
7KHUHIRUHWKHV\VWHPOHYHOYLHZPDNHV'&RJDIUXLWIXODSSURDFKIRUVWXGLHVRI
FRPSOH[VRFLRWHFKQLFDOV\VWHPVZKHUHGLIIHUHQWSDUWVRI WKHV\VWHPSURYLGH
GLIIHUHQWEXW FRPSOHPHQWDU\FRQWULEXWLRQV WKDW DOORZFRQFHUWHGDFWLRQZKLFK
ZDVSRLQWHGRXWE\5|OLQJDVODFNLQJLQDJULFXOWXUH,QRWKHUZRUGVWKH
VWXG\ RI H[WHUQDO PDWHULDO DQG VRFLDO VWUXFWXUHV UHYHDOV SURSHUWLHV DERXW DQ
LQGLYLGXDO¶V LQWHUQDO PHQWDO VWUXFWXUHV OLNH GHFLVLRQPDNLQJ DQG OHDUQLQJ
+HQFHE\VWXG\LQJFRJQLWLRQZLWKWKLVODUJHUVFRSHLQPLQGLWLVFOHDUWKDWWKH
IXQFWLRQDOFRJQLWLYHV\VWHPKDVSURSHUWLHVWKDWFDQQRWEHOLPLWHGWRWKHFRJQL
WLYH DELOLWLHV RI WKH LQGLYLGXDOV 8VLQJ '&RJ DV D WKHRUHWLFDO IUDPHZRUN
SURYLGHVWKHUHVHDUFKHUZLWKDQDSSURDFKWKDWRIIHUVDV\VWHPLFSHUVSHFWLYHRQ
e.g IDUPHUV¶ VRFLRWHFKQLFDO FRQWH[W WRGHVFULEHDQG VWXG\ IDUPHUV¶GHFLVLRQ
PDNLQJ /LQGEORP et al  IURP WKH V\VWHPLF SHUVSHFWLYH WKDW PDQ\
DJULFXOWXUDO UHVHDUFKHUV KDYH GHPDQGHG IRU \HDUV e.g gKOPHU et al 
5|OLQJ
'LVWULEXWHG FRJQLWLRQ KDV EHHQ VKRZQ WRZRUNZHOOZKHQ DSSOLHG LQ+&,
UHVHDUFK WKURXJK LQYROYLQJ WHFKQRORJ\ LQ WKH XQLW RI DQDO\VLV LQVWHDG RI
SXWWLQJLWRXWVLGH5RJHUV7KHWKHRUHWLFDOIUDPHZRUNRI'&RJKDVEHHQ
DSSOLHG LQ PDQ\ GLIIHUHQW DQG FRPSOH[ GRPDLQV LQFOXGLQJ VKLS QDYLJDWLRQ
+XWFKLQV  FULWLFDO FDUH HQYLURQPHQWV 3DWHO et al  DQG LQIRU
PDWLRQIXVLRQ1LOVVRQet al7KHUHIRUHLWLVUHDVRQDEOHWREHOLHYHWKDW
LW ZLOO DOVR ZRUN SURSHUO\ LQ WKH DJULFXOWXUDO GRPDLQ ZKHUH PDQ\ IDUPHUV¶





D UHTXLUHG LQFUHDVH LQ \LHOG DQG LQSXW HIILFLHQF\ LQ SDUDOOHO ZLWK GHFUHDVHG
HQYLURQPHQWDO LPSDFW6XVWDLQDEOHLQWHQVLILFDWLRQZLOOUHTXLUHLQFUHDVHGDGDSWD






tation &HQWUDO WR WKH problem of implementation LV OLPLWHG NQRZOHGJH DERXW
IDUPHUV¶ QDWXUDOLVWLF GHFLVLRQPDNLQJ LQ WKHLU VRFLRWHFKQLFDO V\VWHP DQG D
NQRZOHGJHWUDQVIHUDSSURDFKLQUHVHDUFKWKDWGRHVQRWFRQVLGHUWKHQHHGVRIWKH
IDUPHUV LQ GHYHORSPHQW SURFHVVHV RI QHZ $JUL'66 7KLV EDFNJURXQG FKDSWHU
SUHVHQWHG DOWHUQDWLYH DSSURDFKHV WR WKH NQRZOHGJH WUDQVIHU SHUVSHFWLYH IURP
HQYLURQPHQWDO FRPPXQLFDWLRQ DQG DJULFXOWXUDO H[WHQVLRQ FRPPXQLFDWLRQ FRQ
WH[WV ,QVWHDG RI WDNLQJ WKH GLDOHFWLFZRUOG YLHZ DV LQ WKHknowledge transfer
SHUVSHFWLYHVHDUFKLQJIRUWKHWUXWKRXWWKHUHVRPHZKHUHWKHGLDORJLFZRUOGYLHZ
LV WKDWPHDQLQJ LV VRFLDOO\ FRQVWUXFWHG DQG WKXV GHSHQGHQW RQ WKH VLWXDWLRQ LQ
ZKLFK LW LV VLWXDWHG 0DQ\ RWKHU UHVHDUFK ILHOGV RXWVLGH DJULFXOWXUH VKDUH WKLV
FRQVWUXFWLYLVWZRUOGYLHZ2QHH[DPSOHLVWKHXVHUFHQWUHGGHVLJQPHWKRGRORJ\
LQ WKH ILHOGRIKXPDQFRPSXWHU LQWHUDFWLRQZKLFKDLPV WR LQFUHDVHXVDELOLW\ LQ
,&7 V\VWHPV PDLQO\ E\ LQYROYLQJ HQGXVHUV WKURXJK WKH ZKROH GHYHORSPHQW
SURFHVV7KLVPHWKRGRORJLFDODSSURDFKLVSUHVHQWHGDVDQDOWHUQDWLYHVWUDWHJ\WR
WKH WUDGLWLRQDOknowledge transfer DSSURDFK LQ$JUL'66GHYHORSPHQW LQSUHFL
VLRQ DJULFXOWXUH )LQDOO\ WKH WKHRUHWLFDO IUDPHZRUN RI'&RJZDV SUHVHQWHG DV
RQH SRVVLEOH DSSURDFK WR VWXG\ IDUPHUV¶ QDWXUDOLVWLF GHFLVLRQPDNLQJ LQ WKHLU
VRFLRWHFKQLFDOV\VWHPVLQFH'&RJYLHZVFRJQLWLRQDVFUHDWLRQ WUDQVIRUPDWLRQ
DQG SURSDJDWLRQ RI UHSUHVHQWDWLRQDO VWDWHVZLWKLQ D VRFLRWHFKQLFDO V\VWHP%\
REVHUYLQJDQGDQDO\VLQJWKHIORZRILQIRUPDWLRQZLWKLQWKHZKROHV\VWHPRQJR
LQJ FRJQLWLYH SURFHVVHV DUH YLVXDOLVHG DQG FDQ EH LQWHUSUHWHG )ROORZLQJ WKLV
VKRUWVXPPDU\RIWKHEDFNJURXQGWRWKHWKHVLVDQGLWVWKHRUHWLFDOIRXQGDWLRQVWKH





,Q RUGHU WR LQYHVWLJDWH WKH problem of implementation DQG gap of relevance













UDOLVWLF LQTXLU\ LV XVHG LQWHUFKDQJHDEO\ KHUH ZLWK TXDOLWDWLYH LQTXLU\ $
QDWXUDOLVWLF LQTXLU\ LQYROYHV REVHUYDWLRQV SHUIRUPHG LQ QDWXUDO VHWWLQJV /LQ
FROQ 	 *XED  IRFXVLQJ RQ GHHS DQG GHWDLOHG GHVFULSWLRQV RI DFWLRQV
EHKDYLRXUVFRQYHUVDWLRQVDFWLYLWLHVDQGLQWHUSHUVRQDO LQWHUDFWLRQVIURPILHOG
ZRUN 3DWWRQ  ,W VWXGLHV VLWXDWLRQV LQ WKH UHDO ZRUOG ZLWKRXW
PDQLSXODWLQJ RU FRQWUROOLQJ WKHP DQG LV RSHQ WR ZKDWHYHU HPHUJHV 3DWWRQ
 ,Q D QDWXUDOLVWLF LQTXLU\ WKH FRQWH[W LV LQFRUSRUDWHG LQWR WKH DQDO\VLV
EHFDXVH LW LV FRQVLGHUHG LPSRUWDQW IRU WKH LQWHUSUHWDWLRQ RI WKHPHDQLQJ RI D
VLWXDWLRQ /LQFROQ 	 *XED  3DWWRQ  )XUWKHUPRUH FKRRVLQJ D
QDWXUDOLVWLF LQTXLU\ WKHTXDOLW\ RI WKHGDWD FRPELQHGZLWK VRXQG FRQFOXVLRQV
DUHWKHPRVWLPSRUWDQWDVSHFWVWRDFKLHYHVFLHQWLILFULJRU3DWWRQ3DWWRQ
FODLPVWKDWthe validity, meaningfulness and insights generated from the quali-
tative inquiry have more to do with the information richness of the cases 

selected and the observational/analytical capabilities of the researcher than 
with sample size 3DWWRQS7KXV WKHTXDOLW\RI WKHVWXG\ OLHV LQ
WKHSHUIRUPDQFHRIWKHVWXG\LWVHOI
)RU WKH QDWXUDOLVWLF LQTXLU\ D FDVH VWXG\ DSSURDFK ZDV FKRVHQ $ FDVH
VWXG\LVDTXDOLWDWLYHPHWKRGZKLFKVWXGLHVKXPDQDFWLRQVin the wildDLPLQJ




V\VWHP FDQ EH DQ LQGLYLGXDO D SURJUDPPH DQ HYHQW D SKHQRPHQRQ RU DQ
DFWLYLW\ 6WDNH  GHILQHV WKUHH PDLQ W\SHV RI FDVH VWXGLHV LQWULQVLF
LQVWUXPHQWDO DQG FROOHFWLYH LQVWUXPHQWDO$Q LQWULQVLF FDVH VWXG\ LV LQYHVWL
JDWHGLQRUGHU WRXQGHUVWDQGWKDWSDUWLFXODUFDVHLQGHWDLO:KHQSHUIRUPLQJ
LQVWUXPHQWDO FDVH VWXGLHV WKH DFWXDO FDVH IDFLOLWDWHV XQGHUVWDQGLQJ RI RWKHU
FDVHVDQGDLPVWRSURYLGHDQLQVLJKWRUDWOHDVWDJHQHUDOLVDWLRQWRRWKHUFDVHV
&ROOHFWLYHLQVWUXPHQWDOFDVHVWXGLHVDUHH[WHQGHGWRRPDQ\FDVHVWKDWPDQL
IHVW FRPPRQ FKDUDFWHULVWLFVZKHUH WKH LQGLYLGXDO FDVHPD\ RUPD\ QRW EH
NQRZQ LQ DGYDQFH ,Q WKLV WKHVLV WZR LQVWUXPHQWDO FDVHV ZHUH VWXGLHG LQ
RUGHU WRJDLQDQLQVLJKW LQWRIDUPHUV¶GHFLVLRQPDNLQJDQGOHDUQLQJLQSUDF
WLFH DQG PDNH VRPH JHQHUDOLVDWLRQV 2QH RI WKHVH FDVHV ZDV D ZRUNSODFH




,QFDVH VWXG\RQH IRXUFROOHFWLYHFDVHVZHUHXVHGDQG WKHDQDO\VLVZDVFRQ
GXFWHG DV D PXOWLSOH FDVH VWXG\ IURP D ZRUNSODFH SHUVSHFWLYH /XII et al
7KHFDVHFRQVLVWHGRIIRXUFURSSURGXFWLRQIDUPHUVZKRVKRZHGLQWHUHVW
LQSUHFLVLRQDJULFXOWXUH WHFKQRORJ\7KH VWXG\ZDVFRQGXFWHGGXULQJ LQ
VRXWKZHVW 6ZHGHQ DQG WKH $JUL'66 LQYROYHG ZDV &URS6$7
ZZZ&URS6$7VH :RUNSODFH VWXGLHV LQYHVWLJDWH DQG DQDO\VH SHRSOH DQG
WHFKQRORJ\ LQ DFWLRQ DQGREVHUYH WKHZD\V LQZKLFKGLIIHUHQW WRROV DQGDUWH
IDFWV DUH XVHG LQ SUDFWLFDO RUJDQLVDWLRQDO FRQGXFW +HDWK et al 
:RUNSODFHVWXGLHVDUHLPSRUWDQWWRXQGHUVWDQGLQJQDWXUDOV\VWHPVDQGFRQWULE
XWH YDOXDEOH LQIRUPDWLRQ DERXW GHVLJQ XVDJH DQG HYDOXDWLRQ RI GLIIHUHQW
WHFKQRORJLHV (WKQRJUDSKLF GDWD FROOHFWLRQ WHFKQLTXHV ZHUH XVHG DQG WKH
FROOHFWHG GDWDZHUH WULDQJXODWHG IURP SDUWLFLSDQW REVHUYDWLRQV YLGHR UHFRUG
LQJV DQG VHPLVWUXFWXUHG LQWHUYLHZV 3DWWRQ  $OO IDUPHUV ZHUH






FRQWDFWV ZLWK WKH ORFDO DGYLVRU\ VHUYLFH ZKLOH , KDG LQWHUYLHZHG )DUPHU 
HDUOLHUIRUDQRWKHUUHDVRQDQGIRXQGKLPLQWHUHVWLQJGXHWRKLVLQWHQWLRQWRVWDUW
WRXVH&URS6$7DVDQDOWHUQDWLYHWRWKH<DUD1VHQVRU7KHUHDVRQZDVWKDWKH
KDGERXJKW<DUD1VHQVRU VHUYLFHV IURPDQRWKHU IDUPHU LQ WKHSDVWEXWQRZ
KDG GLIILFXOWLHV JHWWLQJ DFFHVV WR WKH VHUYLFH LQ WKLV ZD\ DQG KDG WRR OLWWOH
DFUHDJHWREHDEOHWREX\RQHRIKLVRZQ)DUPHUZDVLQYLWHGWRSDUWLFLSDWH
DIWHU DWWHQGLQJ DPHHWLQJ DERXW SUHFLVLRQ DJULFXOWXUH WHFKQRORJ\ DWZKLFK KH
SURYHG WR EH YHU\ H[SHULHQFHG DQG LQWHUHVWHG LQ WKLV WHFKQRORJ\ DQGZDQWHG




DQG WKH\ DOVR SUHVHQWHG GLIIHUHQFHV LQ IDUPLQJ H[SHULHQFH IDUP VL]H DQG
IDUPLQJVWUDWHJLHV
7KH VHOHFWHG IDUPHUV KDG GLIIHUHQW OHYHOV RI SUHYLRXV H[SHULHQFH RI XVLQJ
,&7EDVHG FURSSURGXFWLRQ VRIWZDUHDQGSUHFLVLRQ DJULFXOWXUH WHFKQRORJ\ EXW
WKH\DOOGHPRQVWUDWHGDQLQWHUHVWLQWKLVWHFKQRORJ\LQJHQHUDODQGLQ&URS6$7
LQSDUWLFXODU7KHZRUNSODFHVWXG\ZDVSHUIRUPHGRQHDFKIDUPPDLQO\WKURXJK
SDUWLFLSDQW REVHUYDWLRQV DQG HWKQRJUDSKLFDOFRQWH[WXDO LQWHUYLHZV ZKLFK DOO
ZHUH YLGHRUHFRUGHG(YHU\ IDUPHUZDV YLVLWHG WKUHH WLPHV GXULQJ VSULQJ DQG
RQHWLPHLQWKHIROORZLQJDXWXPQIRUDIROORZXSVHVVLRQ(YHU\YLVLWODVWHG
KRXUV ,QVRPHFDVHV WKHIDUPHUZDVDORQHDQG LQRWKHUFDVHVDQDGYLVRUFRO
OHDJXHRUDQHPSOR\HHDOVRWRRNSDUW7KHPHHWLQJVZHUHJHQHUDOO\KHOGLQWKH
IDUPHU¶VRIILFHIDUPKRXVHNLWFKHQRUVWDII OXQFKURRP,QRUGHU WRXQGHUVWDQG
ZKDW FRXOG KDSSHQ EHIRUH VXFKPHHWLQJV )DUPHUV  DQG  DQG WKHLU DGYLVRU
ZHUH DFFRPSDQLHG RQ ILHOG VHVVLRQV RQ WZR RFFDVLRQV EHIRUH WKH FRPSXWHU
VHVVLRQVWDUWHG7KHFRPSXWHUVHVVLRQVZHUHFRQGXFWHGGXULQJIDUPHUV¶RQJRLQJ





WKDW FRXOG EH IXUWKHU DQDO\VHG7KRVH VHOHFWHG HSLVRGHVZHUH WKHQPRUH IXOO\
DQDO\VHG WDNLQJ LQVSLUDWLRQ IURP WKH'&RJ WKHRUHWLFDO IUDPHZRUN +XWFKLQV
7KLV UHVXOWHG LQGHVFULSWLRQVRI WKHSURSDJDWLRQGLVWULEXWLRQDQG LQIRU
PDWLRQ IORZ RI GLIIHUHQW UHSUHVHQWDWLRQDO VWDWHV LQ WHUPV RI ZRUN SUDFWLFHV

GHFLVLRQPDNLQJ OHDUQLQJ DQGSURFHGXUHV LQ WKH VRFLRWHFKQLFDO V\VWHP 5RJ
HUV :KHQ DQ HSLVRGH ZDV FKRVHQ WKH WUDQVFULSW DQG YLGHR UHFRUGLQJ





D VKLIW LQ ,&7 V\VWHP GHVLJQ PHWKRGRORJ\ IRU SUHFLVLRQ DJULFXOWXUH IURP D
PRUH WHFKQRORJ\FHQWUHG DSSURDFK WR D PRUH XVHUFHQWUHG DSSURDFK LQ WKH
GHVLJQ LPSOHPHQWDWLRQ DQGGLIIXVLRQRI DQ$JUL'66 ZZZ&URS6$7VH IRU
FRPSXWDWLRQRIYDULDEOHUDWHDSSOLFDWLRQ95$ILOHVIRUVLWHVSHFLILFIHUWLOLVD
WLRQ7KHHPSLULFDOGDWDZHUHEDVHGRQH[SHULHQFHVFROOHFWHGDWPHHWLQJVDQG
GLVFXVVLRQV ZLWKLQ WKH 6ZHGLVK QHWZRUN RI 3UHFLVLRQ$JULFXOWXUH 326 IRU
ZKLFK DFWHG DV FRRUGLQDWRU 7KH LQWHQWLRQZLWK WKLV SXUSRVLYH VDPSOLQJZDV
WKDW DV FRRUGLQDWRU ZLWKLQ WKH QHWZRUN , KDG JRRG LQVLJKWV LQWR ZKDW KDV
KDSSHQHGVRIDUZLWKLQSUHFLVLRQDJULFXOWXUHLQ6ZHGHQVLQFHWKHYDVWPDMRULW\
RI WKH SURIHVVLRQDOV LQYROYHG LQ5	'RQ SUHFLVLRQ DJULFXOWXUH WHFKQRORJ\ LQ
6ZHGHQDUHSDUWRIWKH326QHWZRUN7KHDLPZLWKFDVHVWXG\WZRZDVPDLQO\
WR IUDPH WKHGHYHORSPHQW SURFHVV FRQGXFWHG VR IDU EDVHGRQ H[SHULHQFHVRI














&URS6$7XVHV VDWHOOLWH LPDJHV WR FDOFXODWH D YHJHWDWLRQ LQGH[ 9, 4L et al
DQG95$ILOHV IRUQLWURJHQ IHUWLOLVDWLRQ LQFHUHDOV'XULQJ DKLJK
ILGHOLW\SURWRW\SHRI&URS6$7ZDVPDGHDYDLODEOHRQWKHLQWHUQHWIRUXVHIUHHRI

FKDUJH WKDQNV WR IXQGLQJ IURP WKH 6ZHGLVK%RDUG RI$JULFXOWXUH 7R VXSSRUW
IDUPHUV LQ WKHLU QLWURJHQ IHUWLOLVDWLRQ VWUDWHJ\ IRUZLQWHUZKHDW DPLQLPXPRI
WKUHH VDWHOOLWH LPDJHV ZHUH SXEOLVKHG GXULQJ WKH SHULRG $SULO-XQH  7KH
UHFRPPHQGHG VWUDWHJ\ IRU IHUWLOLVLQJZLQWHUZKHDW LV WR DSSO\ QLWURJHQ WZR RU
WKUHHWLPHVGXULQJVSULQJ$OEHUWVVRQet al
7RFDOFXODWHD95$ILOHLQ&URS6$7WKHXVHUYLVLWVLWVZHEVLWHDQGVHOHFWVD
ILHOGDQGDVDWHOOLWH LPDJH$VD UHVXOW WKHYHJHWDWLRQ LQGH[LVFDOFXODWHGDQG
VKRZQLQ*RRJOH0DSV7RUHFHLYHD95$ILOHWKHXVHUPXVWGHFLGHWKHOHYHO
RIQLWURJHQIHUWLOLVDWLRQZLWKLQILYHYHJHWDWLRQLQGH[FODVVHVZKLFKDUHHVWLPDW




QLWURJHQ IHUWLOLVDWLRQ EDVHG RQ WKH FRORXUHG VFDOH E $95$ ILOH UHDG\ WR EH HQWHUHG LQWR WKH
IHUWLOLVHUVSUHDGHUYLDD86%PHPRU\VWLFN




VLPSO\ HVWLPDWH WKHQHHG IRU DGGLWLRQDO QLWURJHQEDVHG RQREVHUYDWLRQRI WKH
FDQRS\DQGSULRUH[SHULHQFH:KHQQHZVDWHOOLWHLPDJHVZHUHSXEOLVKHGGXULQJ
VSULQJ WKH IDUPHUV LQFOXGHG LQ WKHSUHVHQW DQDO\VLV VWXGLHG FURSGHYHO
RSPHQWRQWKHLUDFWXDOIDUPXVLQJ&URS6$72QVRPHRFFDVLRQVD95$ILOH
ZDVFDOFXODWHGDQGODWHUXVHGIRUYDULDEOHIHUWLOLVDWLRQ2QRWKHURFFDVLRQVWKH
LPDJHV ZHUH XVHG WR JHW DQ RYHUYLHZ RI WKH VWDWXV RU XVHG LQ WKH GHFLVLRQ









3DSHU , WRRN WKH VWDQGSRLQW WKDW $JUL'66 FRXOG EH D PDMRU FRQWULEXWRU LQ
DFKLHYHPHQW RI D YLDEOH IDUP HFRQRP\ ZLWK OHVV QHJDWLYH HQYLURQPHQWDO
LPSDFW &XUUHQW $JUL'66 DYDLODEOH WR IDUPHUV DGYLVRUV H[SHUWV DQG SROLF\
PDNHUVDUHQRWXVHGWRWKHLUIXOOSRWHQWLDOVLQFHWKHDGRSWLRQRIWKHVHV\VWHPV
LV ORZ7KHUHDVRQ LVDW OHDVWSDUWO\ WKDWH[LVWLQJ$JUL'66DUHEDVHGRQZKDW
VFLHQWLVWVDQGV\VWHPGHYHORSHUVFRQVLGHUQHFHVVDU\3DSHU,XVHGXVHUFHQWUHG
GHVLJQPHWKRGRORJ\LQRUGHUWRLGHQWLI\WKHFRUHSUREOHPVLGHQWLILHGIRUPRVW
$JUL'66 EHFDXVH XVHUFHQWUHG GHVLJQ SXWV WKH IDUPHUV¶ H[SHULHQFH LQ IRFXV
DQG LQYROYHV WKHP HDUO\ RQ DQG FRQWLQXRXVO\ LQ WKH GHVLJQ SURFHVV 1H[W
JHQHUDWLRQ$JUL'66PXVWVLPXOWDQHRXVO\HQDEOHVWDNHKROGHUVWRJDLQDFFHVVWR
WKHEHVWNQRZOHGJHDYDLODEOH DQG LQYROYH WKHP LQ WKHSURFHVVRIGHYHORSLQJ
WKHXVHU LQWHUIDFHGHVLJQRIWKH,&7V\VWHP7RXVHH[LVWLQJDQGIXWXUHLQIRU
PDWLRQ HIILFLHQWO\ XVHUFHQWUHG GHVLJQ DQG SDUWLFLSDWRU\ DSSURDFKHV DUH







DGDSW IDUPLQJ PHDVXUHV WR ZLWKLQILHOG YDULDWLRQ 0DQ\ IDUPHUV KDYH WKH
QHFHVVDU\ WHFKQRORJ\ WR RSHUDWH VLWHVSHFLILFDOO\ EXW WKH\ GR QRW XVH LW LQ
SUDFWLFH DQG FRQVHTXHQWO\ DYDLODEOH ,&7 V\VWHPV DUH QRW XVHG WR WKHLU IXOO

SRWHQWLDO3DSHU,,GLVFXVVHGKRZWRUHGXFHWKHVRFDOOHGSUREOHPRILPSOHPHQ
WDWLRQ LQ RUGHU WR LPSURYH WKH RQJRLQJ GHYHORSPHQW SURFHVV RI WKH LQWHUQHW
EDVHG IHUWLOLVDWLRQ$JUL'66&URS6$77KH DLPZDV WR DSSO\ D SDUWLFLSDWRU\
GHVLJQ DSSURDFKZKHQ GHYHORSLQJ WKH$JUL'66 IXUWKHU 7KH SDSHU LGHQWLILHG
VRPH SLWIDOOVZKHQ VWDUWLQJ WR XVH D8&' DSSURDFK LQ WKH GHYHORSPHQW DQG
LPSOHPHQWDWLRQSURFHVVDVZHOODVVRPHVXJJHVWLRQVRQKRZWRUHGXFHWKHP






EDVLF DVVXPSWLRQV FRQVLGHULQJSUHFLVLRQ DJULFXOWXUH WHFKQRORJ\DQG LWV SRVVL
ELOLWLHV WR SURYLGH LPSURYHG VXVWDLQDELOLW\ LQ DJULFXOWXUH 6LQFH 3DSHU ,, ZDV
SHHUUHYLHZHG DQG LV SXEOLVKHG LQ WKH SURFHHGLQJV IURP WKH WK (XURSHDQ
&RQIHUHQFH RQ 3UHFLVLRQ $JULFXOWXUH ZKLOH 3DSHU ,,, KDV EHHQ VXEPLWWHG
'HFHPEHU  WR WKH VFLHQWLILF MRXUQDO Precision Agriculture , FKRVH WR
LQFOXGHERWKLQWKLVWKHVLV3DSHU,,,DOVRDGGUHVVHGWKHLVVXHRIKRZWRLQFUHDVH
$JUL'66 DGRSWLRQ EDVHG RQ WKH NQRZOHGJH WKDW SDUWLFLSDWRU\ DSSURDFKHV
GXULQJ WKH GHVLJQ DQG GHYHORSPHQW SURFHVV DUH RQH RI WKH PRVW LPSRUWDQW
IDFWRUVWRIUDPHWHFKQRORJ\XVH7KHGHYHORSPHQWRIVXVWDLQDEOH,&7V\VWHPV




RQ VWDUWLQJ WR XVH WKLV ZD\ RI ZRUNLQJ ZHUH LGHQWLILHG WRJHWKHU ZLWK VRPH




3DSHU ,9 GHSDUWHG IURP WKH DVVXPSWLRQ WKDW ,&7 DQG RWKHU WHFKQRORJLHV DUH
QHFHVVDU\ EXW QRW VXIILFLHQW IRU VXVWDLQDEOH IDUPLQJ V\VWHPV LQ D VXVWDLQDEOH
LQWHQVLILFDWLRQ WUDMHFWRU\ IRU DJULFXOWXUH 7KH DLP RI WKH VWXG\ZDV WR LPSURYH
XQGHUVWDQGLQJRIIDUPHUV¶XVHRI$JUL'66LQSUDFWLFH7KHWKHRUHWLFDOIUDPHZRUN
RI'&RJZDVXVHGDVDOHQVZKHQLQYHVWLJDWLQJDQGDQDO\VLQJIDUPHUV¶XVHRIWKH
&URS6$7 VRIWZDUH WRRO IRU FDOFXODWLRQ RI 95$ ILOHV IRU QLWURJHQ IHUWLOLVDWLRQ

IURPVDWHOOLWHLPDJHV,QDFDVHVWXG\WKHXQLWRIDQDO\VLVZDVEURDGHQHGWRWKH
ZKROH VRFLRWHFKQLFDO V\VWHP RI IDUPHUV¶ GHFLVLRQPDNLQJ LQFOXGLQJ RWKHU
SHRSOHDQGGLIIHUHQWNLQGVRIWRROVDQGDUWHIDFWV3DSHU,9H[DPLQHGKRZ&URS
6$7FRXOGIXQFWLRQDVDVRFLDOOHDUQLQJWRRODQGPHGLDWHGLVFXVVLRQVDVZHOODV
VXSSRUWLQJ PRUH VXVWDLQDEOH GHFLVLRQV DQG DFWLRQV :KHQ XVLQJ &URS6$7
IDUPHUV¶ professional vision ZDV GHYHORSHG WKURXJK tool-mediated seeing $V
&URS6$7UHLQIRUFHGIDUPHUV¶SURIHVVLRQDOYLVLRQE\YLVXDOLVDWLRQRIWKHELRPDVV
YDULDWLRQLQWKHFURSWKHXVHRIWKH$JUL'66UHVXOWHGLQLPSURYHGNQRZOHGJHRI
WKH ILHOG %\ D FRPELQDWLRQ RI WKH FRQFHSWV RI SURIHVVLRQDO YLVLRQ DQG WRRO
PHGLDWHG VHHLQJ D QHZ FRQFHSW FRQFHUQLQJ WKH DELOLW\ WR LPSURYH IDUPHUV¶
SURIHVVLRQDOYLVLRQE\ WKHXVHRIDQ$JUL'66ZDVLGHQWLILHG7KHQHZFRQFHSW
ZDVFDOOHGenhanced professional vision DQGVKRZVKRZWKHXVHRI$JUL'66FDQ
VXSSRUW KXPDQ FRJQLWLYH DELOLWLHV E\ YLVXDOLVDWLRQ RI FRPSOH[LW\ LQ WKH FURS
ZKLFKWKHKXPDQYLVLRQV\VWHPFDQQRWUHYHDO7KLVenhanced professional vision 
LVLPSRUWDQWLQDIXWXUHZKHUHIDUPHUV¶ORFDODQGVLWXDWHGNQRZOHGJHLVFUXFLDOWR





DO SUDFWLFHV UHTXLUH H[SHULHQFHG IDUPHUVZLWK VLWXDWHG NQRZOHGJH LQ RUGHU WR
KDQGOH YDULDEOH IDUPLQJ V\VWHPV DGDSWHG WR WKH ORFDO VLWXDWLRQ 7KH VWXG\
H[DPLQHG IDUPHUV¶ XVHRI$JUL'66 LQ UHODWLRQ WR WKHLU VLWXDWHGH[SHUWLVH DQG
IHUWLOLVDWLRQRIWKHLUILHOGV7KHWKHRUHWLFDOIUDPHZRUNRI'&RJZDVDSSOLHGLQ
LQYHVWLJDWLQJ DQG DQDO\VLQJ IDUPHUV
 XVH RI WKH &URS6$7 WRRO 7KH UHVXOWV
UHYHDOHG WKDW &URS6$7 FRXOG IXQFWLRQ DV D WRRO VXSSRUWLQJ VRFLDO OHDUQLQJ
GHFLVLRQPDNLQJDQGGHYHORSPHQWRIVLWXDWHGH[SHUWLVH7KLVVLWXDWHGH[SHUWLVH
LV FRQQHFWHG WR D IDUPHU¶V SURIHVVLRQDO YLVLRQ%\ tool-mediated seeing FRQ
QHFWHG WR &URS6$7 XVH IDUPHUV¶ professional vision FDQ EH LPSURYHG DQG
GHYHORSHG WR enhanced professional vision DQG FRQVHTXHQWO\ VLWXDWHG
NQRZOHGJH([SHULHQFHG IDUPHUVDUHH[SHUWVRQ WKHLU ILHOGVDQG WKHLU VLWXDWHG 
NQRZOHGJHDQGenhanced professional visionDUHFHQWUDOIRUWKHGHYHORSPHQWRI
care LQ WKH IDUPLQJSUDFWLFH&DUH LWVHOI LVGHILQHGDV WKH WRWDOLW\RISUDFWLFHV
WKDWPDNHNQRZOHGJHDQG WHFKQRORJLHVZRUN LQDVXVWDLQDEOHGLUHFWLRQEDVHG
RQDWWHQWLYHQHVVFRPSHWHQFHDQGUHVSRQVLELOLW\DQGLWLVFUXFLDOIRUWKHHYHU\









Table 3. Overview of the appended papers and their relation to research questions (RQ) 1-3  
 3DSHUV
5HVHDUFKTXHVWLRQ , ,, ,,, ,9 9
54 ; ; ;  
54    ; ;
54    ; ;





QRORJ\ VXFK DV $JUL'66 EH LPSURYHG LQ RUGHU WR GHFUHDVH WKH problem of 




3DSHUV ,,,, GHPRQVWUDWHG WKDW SUHFLVLRQ DJULFXOWXUH FDQ HQDEOH LPSRUWDQW
FRQWULEXWLRQVWRPRUHVXVWDLQDEOHDJULFXOWXUHDQGLGHQWLILHGYDULRXVIDFWRUVIRU
VXFFHVV DQG SLWIDOOV LQ FXUUHQW DSSURDFKHV :LWK WKHVH OHVVRQV LQ PLQG DS

SURDFKHVZLWKLQ GLVWULEXWHG FRJQLWLRQZHUH XVHG LQ ILHOGZRUN ,Q FDVH VWXG\
RQH DQG 3DSHUV ,9 DQG 9 '&RJLQVSLUHG DQDO\VLV UHYHDOHG WKDW WKH VRFLR
WHFKQLFDO V\VWHPFRQFHUQLQJ WKHGHFLVLRQPDNLQJRQQLWURJHQ IHUWLOLVDWLRQ IRU




VRIWZDUH WDEOHV DQG ILHOG PDSV LQ FRPSXWHUV PRELOH SKRQHV DQG WDEOHWV
SDSHUEDVHG ILHOGPDSV FDOFXODWRUV LQPRELOH SKRQH 6SDGPHWHU DQG QRWH
SDGVGLVFXVVHGWRJHWKHUZLWK)DUPHUDQGKLVDGYLVRU)LJXUH





+RZHYHU WKH FKRVHQ WHFKQRORJ\ VWUDWHJ\ VHHPHG WR GHSHQGRQZKDW NLQGRI
FRPSXWHUSURJUDPVDQGGHYLFHVWKHIDUPHUZDVDOUHDG\IDPLOLDUZLWKZKHWKHU
WKH DGYLVRUZDVSUHVHQW RU QRW DQG WKH H[WHQW WRZKLFK WKH IDUPHUSOD\HG DQ
DFWLYHSDUWLQWHFKQRORJ\XVHGXULQJDGYLVRU\VHVVLRQV7KHIRXUIDUPHUVLQWKLV
VWXG\SHUIRUPHGGLIIHUHQWO\)DUPHUOHWWKHDGYLVRUWDNHFDUHRIWKHFRPSXWHU











FRPPXQLFDWLRQ WRRO ZKHQ GLVFXVVLQJ OHYHOV RI QLWURJHQ IHUWLOLVDWLRQ 7KXV LW
VKRXOGEHSRLQWHGRXWWKDWLQWKLVVLWXDWLRQWKHLPDJHEHFDPHWKHILHOGLQVWHDG
RI EHLQJ D UHSUHVHQWDWLRQ RI LW ZKLOH WKH IDUPHU SRLQWHG DW WKH LPDJHZKHQ







)DUPHU  OHW WKH DGYLVRU WDNH FDUH RI WKH FRPSXWHU LQ WKH EHJLQQLQJ EXW
ZKHQ KH EHFDPHPRUH H[SHULHQFHG KH WRRN DPRUH DFWLYH SDUW DQG XVHG KLV
L3DGLQSDUDOOHOZLWKWKHFRPSXWHUXVHGE\WKHDGYLVRU2QHLPSRUWDQWUHDVRQ
IRUWKLVZD\RIDFWLQJZDVWKDWWKLVIDUPHUXVHGDQLQWHUQHWEDVHGFURSSURGXF
WLRQ SURJUDPPH $FFRUGLQJO\ ERWK WKDW SURJUDPPH DQG &URS6$7 ZHUH
DYDLODEOHIRU WKHIDUPHUDQGKLVDGYLVRUDW WKHVDPHWLPHDQGWKXVWKHIDUPHU
FRXOG FRQWULEXWH LQIRUPDWLRQ LQ SDUDOOHO ZLWK WKH DGYLVRU¶V XVH RI WKH VDPH
SURJUDPPH7KHRWKHU WHQWDWLYH UHDVRQZDV WKDW KH DQG ,PHW DORQHEHWZHHQ
WZRDGYLVRU\PHHWLQJV$WWKDWRFFDVLRQP\DWWHQGDQFHSURYLGHGVRFLDOLQWHUDF








7KH UHODWLRQVKLS EHWZHHQ)DUPHU  DQG KLV DGYLVRU VHHPHG YHU\ VWUDLJKW
IRUZDUGUHOD[HGDQGLQDPRRGRIDFFHSWLQJHDFKRWKHU¶VFRPSHWHQFHV:KHQ
FRPSDULQJWZRLPDJHVIURPGLIIHUHQWGDWHVGXULQJVSULQJWKH\QRWHGDSDUWRI
WKHILHOGZLWKORZELRPDVV7KHQWKHDGYLVRUVDLGSalt from the road destroys 
the clay colloids, resulting in soil compaction DQG WKH IDUPHU DQVZHUHGWe 
stored straw bales here, which they picked up with a truck.7KHIDFW WKDW WKLV

OLWWOHFRQYHUVDWLRQHQGHGZLWKWKHDGYLVRUDFNQRZOHGJLQJWKHIDUPHU¶VDQVZHU
E\ UHVSRQGLQJ Of course UHYHDOHG WZR WKLQJV 7KH\ ERWK KDG LPSRUWDQW
NQRZOHGJH DQG H[SHULHQFH WKDW FRXOG EULQJ WKH GLVFXVVLRQ IRUZDUG DQG WKH\
DOVRDFFHSWHGZLWKRXWDQ\FRPPHQWVWKDWWKLVZDVWKHFDVH7KHVRFLDOLQWHUDF
WLRQ DQG WKH UHODWLRQV EHWZHHQ WKH DFWRUV LW FRXOG EH FODLPHG DUH LPSRUWDQW




WHUHVWHG LQ&URS6$7 DIWHU WDONLQJ WR D<DUD1VHQVRU H[SHUWZKR VXJJHVWHG
RWKHUDSSOLFDWLRQV IRU WKH$JUL'66DSDUW IURPIHUWLOLVDWLRQ$FFRUGLQJO\ WKLV
H[SHUW HQWHUHG WKH FRJQLWLYH V\VWHP DQG DGYRFDWHG $JUL'66 XVH E\ JLYLQJ
LQVWUXFWLRQV FRQVLGHULQJ DQ DOWHUQDWLYH VWUDWHJ\ IRU $JUL'66 XVH DQG WKH




JURXS RI WKHLU RZQZLWK FRUUHVSRQGLQJ FROOHDJXHV+RZHYHU ZKLOH VDWLVILHG
ZLWK WKDW WKH\ VWLOO ZDQWHG DQ DGYLVRU ZKR ZRXOG ZRUN FORVHO\ ZLWK WKHLU




DQG IDFLOLWDWLQJ LQWHUSUHWDWLRQ RI WKH GDWD LQ RUGHU WR OHDUQPRUH DERXW WKHLU
ILHOGV DQG DERXW KRZ WR XVH WKH WHFKQRORJ\ PRUH HIILFLHQWO\ %\ ORRNLQJ DW
PDSVLQUHWURVSHFWWKHSDUWLFLSDQWVUHIOHFWHGRQWKHUHVXOWVDQGFRQVHTXHQWO\
UHIOHFWLYH OHDUQLQJ FRXOG WDNH SODFH +RZHYHU ZLWKRXW DQ DWWHQGLQJ DGYLVRU
ZKRFRXOGIDFLOLWDWHWKHXVHRIWKHGLIIHUHQW$JUL'66DQGLQWHUSUHWDWLRQRIWKH
GDWD OLPLWHG OHDUQLQJRFFXUUHGH[FHSW WKDW LWFRXOGEH LQWHUHVWLQJ WRHYDOXDWH
WKHPDSVLQUHWURVSHFWLILWZDVSRVVLEOH/DWHURQWKRVHWZREHFDPHQRVWDOJLF
DERXWZKHQWKH\VWDUWHGWKHLUIDUPLQJFRPSDQ\ZLWKDJURXSRISDUWQHUIDUP
HUV In those days we sat until two in the morning …but now we have been 
doing this for 15 years so maybe the trigger is not as strong as it was to begin 
with.+LVSDUWQHUIDUPHUDJUHHGWe have done so many years now that we have 
become blind to it … we must bring in new eyes!7KXVWKHVHFRPSDQLRQVKDG
SUHYLRXVO\ EHHQ DEOH WR DFW DV OHDUQLQJ IDFLOLWDWRUV IRU HDFK RWKHU EXW QRZ
QHHGHGQHZVRFLDOLQWHUDFWRUVSDUWQHUVZKRFRXOGFRQWULEXWHPRUHLQIRUPDWLRQ








WLRQV RI WKH ILHOG VHHPHG WR EH LPSRUWDQW LQ HQFRXUDJLQJ XVH RI GLIIHUHQW
$JUL'66 LQ UHWURVSHFW DV D EDVLV IRU GLVFXVVLRQ DQG OHDUQLQJ $XEHUW et al
VWUHVVWKHLPSRUWDQFHZLWKFRPSDWLELOLW\DPRQJWRROVDQGLQWKLVWKHVLV
WRRWKLVHPHUJHGDVDQLPSRUWDQWIDFWRULQRUGHUWRLPSURYHOHDUQLQJ:KHQWKH
UHSUHVHQWDWLRQV RI WKH ILHOGV i.e. WKH PDSV GLG QRW FRUUHVSRQG LW EHFDPH
LPSRVVLEOH WR PDNH UHOLDEOH LQWHUSUHWDWLRQV WR FRPSDUH DQG OHDUQ IURP 0\
LPSUHVVLRQZDVWKDWLIUHSUHVHQWDWLRQVIURPGLIIHUHQW$JUL'66KDGEHHQEHWWHU
DGDSWHG IRU FRPSDULVRQV RI WKH UHVXOWV WKH\ ZRXOG EH PRUH LQWHUHVWLQJ IRU
IDUPHUVWRXVHLQUHWURVSHFWLYHDQDO\VLVDQGWKXVYDOXDEOHOHDUQLQJWRROV0RUH
RYHU VRFLDO DQG WHFKQLFDO DVSHFWV RI WKH VRFLRWHFKQLFDO FRQWH[W VHHP WR EH
FUXFLDO IRU KRZXVDEOH FUHGLEOH DQG LQWHUHVWLQJDQ$JUL'66 LV DV D EDVLV IRU
GHFLVLRQPDNLQJ GLVFXVVLRQ DQG DV D OHDUQLQJ WRRO +RZHYHU DGYLVRU\ VHU






IDUPHUV PDNH GHFLVLRQV LQ D FULWLFDO VLWXDWLRQ IHUWLOLVDWLRQ RI ZLQWHU ZKHDW
XVLQJDQ$JUL'667KHLQWHUYLHZVZLWKWKHIDUPHUVUHYHDOHGWKDWWKHGHFLVLRQ
PDNLQJ SURFHVV RQ QLWURJHQ IHUWLOLVDWLRQ VWDUWV DOUHDG\ LQ DXWXPQ WKH \HDU
EHIRUHKDUYHVW7KHQIDUPHUVRIWHQGHFLGHDQDYHUDJHQLWURJHQOHYHOIRUHYHU\
ILHOG7KDWOHYHOLVDGMXVWHGRQHWRWKUHHWLPHVLQVSULQJGHSHQGLQJRQWKHFURS
TXDOLW\ LQWHQGHG XVH DQG ZKDW WKH SODQW VWDQG ORRNV OLNH DIWHU ZLQWHU $O
EHUWVVRQ&URS6$7ZDVXVHGLQWKLVSURFHVVRIPDNLQJDGMXVWPHQWV7KH
LPDJHVFUHDWHGLQ&URS6$7ZHUHYLVXDOGLJLWDOUHSUHVHQWDWLRQVRIWKHILHOGWKDW
GLVSOD\HG FURS ELRPDVV FRPSOH[LW\ LQ D ZD\ WKDW LV GLIILFXOW WR DFKLHYH E\
ZDONLQJRUGULYLQJLQWKHILHOG)HUWLOLVLQJcorrectlyVRWRVSHDNZLWKUHJDUGWR
YDULDWLRQVLQWKHILHOGLVLPSRVVLEOHVLQFHWKHUHLVDORQJSHULRGEHWZHHQIHUWLOL
VDWLRQ DQG KDUYHVW ZKHQ PDQ\ WKLQJV FDQ KDSSHQ +RZHYHU ZLWK
WHFKQRORJLFDO VXSSRUW LW FDQ EH LPSURYHG e.g E\ DGDSWLQJ WKH DPRXQW RI1
IHUWLOLVHU WR WKH YDULDWLRQ LQ ELRPDVV DPRXQW DV ODWH DV SRVVLEOH EHIRUH VWHP
HORQJDWLRQLPSURYLQJIHUWLOLVDWLRQHIILFLHQF\$OEHUWVVRQ. 9LVXDOLVDWLRQ

RI WKHFXUUHQWYDULDWLRQLQELRPDVVZLWK WKHVDWHOOLWH LPDJHVVKRZHGYDULDWLRQ
WKDWDQH[SHULHQFHGIDUPHUZDVDOUHDG\DZDUHRIEXW LWZRXOGEHGLIILFXOWRU




ZLWK WKH KXPDQ H\H DQG LW SURYLGHG D SRVVLELOLW\ WR DSSO\ QLWURJHQ IHUWLOLVHU
DGDSWHG WR WKHYDULDELOLW\ LQELRPDVV:KHQ ORRNLQJDW WKHVDWHOOLWH LPDJHV LQ
&URS6$7IDUPHUVZLWKORQJH[SHULHQFHHDVLO\UHFRJQLVHGDQGH[SODLQHGPXFK
RI WKH YLVXDOLVHG YDULDWLRQ LQ FURS ELRPDVV DQG UHYHDOHG WKHLU professional 
vision *RRGZLQ  2QH IDUPHU VDLG WKLV DERXW D KD ILHOG KH KDG
IDUPHGIRU\HDUVThis bit is more or less gravel esker … the ground rises 
here… it must rise by at least a few metres. Then there’s a ridge here and a 
little hollow there… and of course it’s all lighter soil … there’s heavy clay 
here. It’s exactly what the field looks like … here it’s really fertile and nice… 
here it’s really … exceedingly good … it’s good there too, but not as good as it 




VRPH RI ZKLFK ZHUH DOUHDG\ NQRZQ DQG VRPH ZKLFKZHUH QRW DOORZHG WKH
IDUPHUWRDGGWKHUHYHDOHGFRPSOH[LW\DWWKHUHSUHVHQWDWLRQVIURP&URS6$7WR
KLVRZQprofessional vision*RRGZLQEDVHGRQH[SHULHQFHWRLQFUHDVH
KLV VLWXDWHG NQRZOHGJH DERXW WKH ILHOG 7KLV FRPELQDWLRQ RI WKH H[SHULHQFHG
IDUPHUV¶professional visionEDVHGRQH[SHULHQFHDQGWKHtool mediated seeing
IURP&URS6$7FRQWULEXWHGWRWKHQHZFRQFHSWGHYHORSHGLQ3DSHUV,9DQG9
FDOOHGenhanced professional vision. ,QDVXVWDLQDEOHLQWHQVLILFDWLRQWUDMHFWRU\
RIDJULFXOWXUHIDUPHUVQHHGWRDGDSWWKHLUSUDFWLFHPRUHDIWHUWKHORFDOVLWXDWLRQ
/HHXZLV +RZHYHU WKH\ DOVR QHHG WR LPSURYH WKHLUcare LQ SUDFWLFH
ZKHUH FDUH LV WKH VXP RI DOO SUDFWLFHV WKDWPDNH WHFKQRORJ\ DQG NQRZOHGJH




)DUPHU  ZDQWHG PRUH DQG GLIIHUHQW QRW FDOFXODWHGLQWHUSUHWHG NLQGV RI
LQIRUPDWLRQ WKDQ&URS6$7FRXOGSURYLGH+HZDQWHG UHJXODU ILHOG LPDJHV LQ
RUGHU WRJHW UHSUHVHQWDWLRQVRI WKH ILHOG WRJHWDELUG¶VH\HYLHZDVZHOODVD
GHWDLOHG UHSUHVHQWDWLRQ LQRUGHU WR UHFRJQLVH VPDOOGLIIHUHQFHV LQFURSGHYHO
RSPHQW WR OHDUQ IURP It would start in April and you could get one of these 
once a week and then you could go down and zoom in and see exactly and then 

you could follow the field and see this here. Now it’s 25 mm here … so you see 
this … how this … it’s like … on my farm I can know a bit, but you get a whole 
different … you get this here von oben… you can’t compare them. 7KHSDUWQHU
IDUPHUZKRZDVQRWDVLQWHUHVWHGDGGHGYeah… but then it’s too late)DUPHU
UHSOLHGYeah, but even if it’s too late you can draw a certain conclusion and 








DUJXPHQW FRXOG EH LQWHUSUHWHG DV DQ H[DPSOH RI H[SHUWLVH GHYHORSPHQW $F









VRFLDO LQWHUDFWLRQVZLWK WKHZLOOLQJ DQG DEOH DGYLVRU UHIOHFWLQJRQROGHU&URS
6$7LPDJHVIURPWKHVDPH\HDUDVZHOODVRWKHUUHSUHVHQWDWLRQVVRLOPDSVIURP
WKHILHOGVZHUHYDOXDEOHDQGIXQFWLRQHGDVFRRUGLQDWLQJPHFKDQLVPVGXULQJWKH
GHFLVLRQPDNLQJSURFHVV ,Q VRPH FDVHV6SDGPHWHUPHDVXUHPHQWV DQG H[SHUL
HQFHV IURP WKH ILHOG RQ WKH VDPHGD\ IDUPHUV RU DGYLVRUV RU ERWK DVZHOO DV
IURPKLVWRU\ IDUPHUV DOVR DGGHGYDOXDEOH DVSHFWV RQ WKHSURFHVV$OWRJHWKHU
WKHIDUPHUVPDGHWKHLUILQDOGHFLVLRQVXVLQJWKHIXQFWLRQDOHQWLWLHVLQWKHZKROH
FRJQLWLYHV\VWHPZKHUH&URS6$7FRQVWLWXWHGRQHSDUW
7R VXP XS &URS6$7 FDQ UHYHDO LQIRUPDWLRQ RQ WKH REMHFW RI LQWHUHVW WR
ERWK SURYLGH UHSUHVHQWDWLRQV RI FRPSOH[ VLWXDWLRQV E\ tool mediated seeing 
*RRGZLQ 	 *RRGZLQ  DQG IDFLOLWDWH DFWLRQ OHDUQLQJ DQG GHFLVLRQ
PDNLQJDERXWQLWURJHQIHUWLOLVDWLRQ+RZHYHUVHWWLQJWKHOHYHOVRIQLWURJHQRU
XVLQJ&URS6$7 IRUHYDOXDWLRQ LQ UHWURVSHFW LQ FRPELQDWLRQZLWKRWKHU UHSUH
VHQWDWLRQVZDVGLIILFXOWLQWKRVHSURFHVVHVDQGKLJKTXDOLW\VRFLDOLQWHUDFWLRQV
ZHUH FUXFLDO &URS6$7 VXSSRUWHG IDUPHUV¶ professional vision E\ SURYLGLQJ
SRVVLELOLWLHV IRU tool mediated seeing RI FRPSOH[ VLWXDWLRQVDQG LW UHVXOWHG LQ









implementation problem LQ WKH ILHOG RI SUHFLVLRQ DJULFXOWXUH. 7KLV UHVHDUFK
TXHVWLRQZDVFRQVLGHUHGLQ3DSHUV,,,DQG,,,7RILQGVWUDWHJLHVWRDYRLGWKH
problem of implementation DQHHGIRUPRUHNQRZOHGJHDERXWIDUPHUV¶QDWXUDO
LVWLF GHFLVLRQPDNLQJ LQ FRPELQDWLRQ ZLWK LPSURYHG FKDUDFWHULVWLFV RI WKH
GHYHORSPHQWSURFHVVRIWKHQH[WJHQHUDWLRQ¶V$JUL'66VHHPHGFUXFLDO'LIIHU
HQWDFWRUVVXFKDVIDUPHUVDGYLVRUVVFLHQWLVWVVXSSOLHUVDQGSROLF\PDNHUVDOO
FRQWULEXWH WR WKH GHYHORSPHQW RI SUHVHQWGD\ DJULFXOWXUH 7KH TXHVWLRQ ZDV
KRZ D IXUWKHU GHYHORSPHQW RI DQ$JUL'66 FRXOG FRQVLGHU GLIIHUHQW NLQGV RI
UHTXLUHPHQWV VHW E\ GLIIHUHQW DFWRUV LQ WRGD\¶V DJULFXOWXUDO NQRZOHGJH DQG
LQQRYDWLRQV\VWHP&DVHVWXG\WZRUHYHDOHGWKHDQVZHU
$Q$JUL'66 WKDW VXSSRUWV VXVWDLQDEOH GHYHORSPHQW RI WRGD\¶V DJULFXOWXUH
QHHGVWREHVXVWDLQDEOHLQLWVHOI,WPXVWEHDGDSWDEOHIOH[LEOHDQGXVHUFHQWUHG
+DQNV7KHUH LVDOVRDQ LQFUHDVHGIRFXVRQ WKHQHHGIRUSDUWLFLSDWRU\
DSSURDFKHV LQ ,&7 e.g *XOOLNVHQ et al  *|UDQVVRQ et al 
%MHUNHQHV et al $JUL'66 DQG VXVWDLQDEOH DJULFXOWXUH LQ JHQHUDO e.g.
6FKOLQGZHLQet al &HUIet al 3URVWet al -DNNX	7KRU
EXUQ  +RIIPDQQ et al  /HHXZLV  0F&RZQ 
3DUWLFLSDWRU\DSSURDFKHVKDYHWKHSRWHQWLDOWREHWKHFRPPRQJURXQGLQIXWXUH
LQWHJUDWHGLQLWLDWLYHV-DNNX	7KRUEXUQ7RWDSH[LVWLQJSRWHQWLDOZKHQ
GHYHORSLQJ DQG LPSOHPHQWLQJ QHZ WHFKQRORJLHV LQ DJULFXOWXUH DQG WU\LQJ WR
LPSURYHERWKHQYLURQPHQWDOSHUIRUPDQFHDQGIDUPYLDELOLW\WKHUHLVSUREDEO\





VRFLDO OHDUQLQJSURFHVVHV VKDUHVRPHFRPPRQFKDUDFWHULVWLFV7KHVH LQFOXGH
VWUHVVLQJWKHLPSRUWDQFHRIXQGHUVWDQGLQJWKHFRQWH[WVLQZKLFKWKHDFWLYLWLHV
WDNH SODFH JHWWLQJ WR NQRZ WKH SHRSOH LQYROYHG HVWDEOLVKLQJ D GLDORJXH RI







DULVHQ EHFDXVH DJURQRPLF UHVHDUFKHUV GR QRW FRQVLGHU GHVLJQ TXHVWLRQV WR
UHTXLUHGLVFXVVLRQ
$FFRUGLQJO\ WKHUH LV DQ LQFUHDVHG IRFXVRQ WKHQHHG IRU SDUWLFLSDWRU\ DS
SURDFKHVLQWKHGHVLJQDQGGHYHORSPHQWSURFHVVHVRIVXVWDLQDEOHDJULFXOWXUHLQ
JHQHUDO /HHXZLV  DQG RI ,&7 DQG $JUL'66 LQ SDUWLFXODU -DNNX 	
7KRUEXUQ  7R KDQGOH SDUWLFLSDWLRQ E\ GLIIHUHQW VWDNHKROGHUV ZLWKLQ D
SURSRVHG GHYHORSPHQW SURFHVV VRPH QHFHVVDU\ PHWKRGRORJLFDO VXSSRUW LV
DYDLODEOH LQ WKH 8&' DSSURDFK ,VVD 	 ,VDLDV  ,QLWLDOO\ D JURXS RI
UHOHYDQW VWDNHKROGHUV FRQVLVWLQJ RI HQGXVHUV VXFK DV IDUPHUV DGYLVRUV DQG
VRPHUHVHDUFKHUVVKRXOGEHUHFUXLWHGWRPHHWRQDUHJXODUEDVLV)XUWKHUPRUH
WKHUHLVDFOHDUQHHGIRUDKXPDQFRPSXWHU LQWHUDFWLRQ+&,VSHFLDOLVW LQ WKH
UROHRIDIDFLOLWDWRUWRDFWDVDQLQWHUPHGLDWHOLQNEHWZHHQGLIIHUHQWSDUWLFLSDQWV
LQRUGHUWRFUHDWHFRPPRQJURXQGDQGUHDFKFRQVHQVXVZLWKLQWKHHVWDEOLVKHG
GHYHORSPHQW WHDP %\ LQWURGXFLQJ DVSHFWV IURP D XVHUFHQWUHGSDUWLFLSDWRU\
GHVLJQDSSURDFKWKHUHZRXOGEHLPSURYHPHQWVLQVXFKDGHYHORSPHQWSURFHVV


















LQJ EHWZHHQ HQGXVHUV DQG WHFKQLFDO GHYHORSHUV WR OHDG WKH XVHU
FHQWUHGSDUWLFLSDWRU\GHVLJQZRUNDFWLYLWLHV
• )LWWLQJ WKH GHYHORSHG $JUL'66 LQWR WKH H[LVWLQJ IDUPLQJ ,&7 V\VWHP
FRQWH[WIRUH[DPSOHIDUPHUV¶SODQWSURGXFWLRQV\VWHPRURIILFLDOH[WHQ
VLRQVHUYLFHV
7KH LQWHQWLRQ LV WKDW WKH XVHUFHQWUHGSDUWLFLSDWRU\ GHVLJQ DSSURDFKHV ZLOO
PDNH LW HDVLHU WR EULGJH WKH JDS EHWZHHQ WKHRU\ DQG SUDFWLFH LQ SUHFLVLRQ
DJULFXOWXUH7KH VWDNHKROGHUV LQYROYHGPD\ UHDFKDQ LQFUHDVHGXQGHUVWDQGLQJ
RI WKH LPSOHPHQWDWLRQ SUREOHP WKURXJK D VRFLDO FROHDUQLQJ SURFHVV ,Q WKH
SURJUHVVLYH GHYHORSPHQW RI DQ $JUL'66 WKH GHVLJQ DQG GHYHORSPHQW WHDP






















al  3URVW HW DO  -DNNX 	 7KRUEXUQ  /HHXZLV 
0F&RZQWKLVWKHVLVWXUQHGWRUHVHDUFKILHOGVRXWVLGHSUHFLVLRQDJULFXO
WXUH WR DQVZHU UHVHDUFKTXHVWLRQV FRQFHUQLQJ IDUPHUV¶ GHFLVLRQPDNLQJ WKHLU
VRFLRWHFKQLFDOV\VWHPDQG$JUL'66GHYHORSPHQWVWUDWHJLHV
)DUPHUV¶ GHFLVLRQPDNLQJ LV DQ RQJRLQJSURFHVV DQG REVHUYDWLRQRI GHFL
VLRQPDNLQJFDQEHGLIILFXOW,,*UD\et al+RZHYHUE\FKRRVLQJWR
VWXG\WKHXVHRI&URS6$7LQSUDFWLFHLQFDVHVWXGLHVLWZDVSRVVLEOHWRREVHUYH
ZKHQGHFLVLRQVZHUHSUHSDUHG GLVFXVVHG DQGPDGH LQ UHODWLRQ WR WHFKQRORJ\
XVH DQG WKH LPSRUWDQFH RI VRFLDO LQWHUDFWLRQV EHWZHHQ IDUPHUV DQG DGYLVRUV
EHFDPHVLJQLILFDQW%\XVHRIWKHWKHRUHWLFDOIUDPHZRUN'&RJPDQ\LQWHUHVW
LQJ DVSHFWV RI WKH VRFLRWHFKQLFDO V\VWHP ZHUH YLVXDOLVHG LQWHUSUHWHG DQG
XQGHUVWRRG +RZHYHU WKH DQDO\VLV ZDV SHUIRUPHG RQ D VRPHZKDW JHQHUDO
OHYHOLQRUGHUWRLGHQWLI\WKHPRVWLPSRUWDQWIHDWXUHVRIWKHV\VWHP7RXQGHU
VWDQGFHQWUDOSURFHVVHVLQPRUHGHWDLOGHHSHUDQDO\VLVZRXOGEHQHFHVVDU\EXW








:KHQ WKH IDUPHUV ORRNHG DW WKH VDWHOOLWH LPDJHV LQ&URS6$7 IRU WKH ILUVW
WLPHWKHLUprofessional vision*RRGZLQZDVUHYHDOHG7KHLPDJHVDOVR
SURYLGHGQHZLQIRUPDWLRQIURPWKHILHOGZLWKRXWGHFUHDVHGFRPSOH[LW\ZKLFK
UHVXOWHG LQ tool mediated seeing *RRGZLQ 	 *RRGZLQ  DPRQJ WKH
SDUWLFLSDQWV%\GHYHORSLQJ WKHFRQFHSWRIenhanced professional vision, VHH
3DSHUV ,9 DQG9 WKLVZRUNZLOO FRQWULEXWH WR RXU XQGHUVWDQGLQJ RI KRZ DQ
$JUL'66FDQVXSSRUWIDUPHUV¶GHYHORSPHQWRIVLWXDWHGNQRZOHGJHDQGFDUHLQ
RUGHU WR LQFUHDVH VXVWDLQDELOLW\ ,QIRUPDWLRQ DQG FRPPXQLFDWLRQV V\VWHPV RU
$JUL'66 FDQ FRPSOHPHQW KXPDQ DELOLWLHV E\ SURPRWLQJ GLIIHUHQW FRJQLWLYH
DFWLYLWLHVIRUZKLFKKXPDQVDUHSRRUO\VXLWHGDQGHQKDQFHDQGVXSSRUWGHYHO
RSPHQWRIWKRVHFRJQLWLYHVNLOOVZKLFKKXPDQVDUHELRORJLFDOO\SUHGLVSRVHGWR
SRVVHVV &ODUN  $Q $JUL'66 FDQ IRU LQVWDQFH FRPSOHPHQW KXPDQ
FRJQLWLYH DELOLWLHV E\ KDQGOLQJ ELJ GDWD DQG YLVXDOLVLQJ FRPSOH[LW\ WKDW WKH
KXPDQYLVLRQV\VWHPFDQQRWSHUFHLYH,QFRQWUDVWH[SHUWLVHFRQVLGHULQJFRP
SOH[ UHDOOLIH VLWXDWLRQV LV EDVHG RQ LQWXLWLYH NQRZOHGJH GHYHORSHG IURP
H[SHULHQFHZKLFKLVVWLOODKXPDQTXDOLW\'UH\IXV	'UH\IXV$UROH
EDVHG FRPSXWHU FDQ QHYHU EH DV JRRG DV DQ H[SHULHQFHG SHUVRQ LQ KDQGOLQJ
FRPSOH[UHDOOLIHVLWXDWLRQVZKLFKLVLPSRUWDQWWRUHPHPEHU7KXVDJULFXOWXUH













9DQ0HHQVHO et al  %ODFNPRUH  -DNNX	7KRUQEXUQ  %\
WDNLQJDFRQVWUXFWLYLVWSHUVSHFWLYHRQ$JUL'66GHYHORSPHQWDQGXVHLQFRPEL
QDWLRQ ZLWK WKH LQWURGXFWLRQ RI 8&' PHWKRGRORJ\ LQ SUHFLVLRQ DJULFXOWXUH

LPSRUWDQWDVSHFWVRIGHYHORSPHQWVWUDWHJLHVLQRUGHUWRLPSURYHXVDELOLW\ZHUH
LGHQWLILHG LQ WKLV WKHVLV7KLVNLQGVRIFKDQJHVZRXOGEHGHVLUDEOHGRDEOHDQG
HYHQQHFHVVDU\ LQ RUGHU WR GHYHORS$JUL'66 WKDW FRXOG EH FRQVLGHUHGXVDEOH
DQGFUHGLEOHE\ IDUPHUV+RZHYHUZRUNLQJ WRJHWKHU LVSUREDEO\DOZD\VFKDO
OHQJLQJ HYHQ WKRXJK WKH SHRSOH LQYROYHG VKDUH WKH VDPH JRDOV 7KHUH ZLOO
DOZD\VEHGLIIHUHQWRSLQLRQVDERXW WKHEHVWZD\IRUZDUGFODLPVWKDWDUHFKDO
OHQJHGFRQYHQLHQWPHWKRGVZKDW FRQFHSWVVKRXOGEHXVHGRUZKDWD VSHFLILF
FRQFHSW UHDOO\PHDQV 7KLV WKHVLV LV RQH JRRG H[DPSOH RI WKDW E\ LQYROYLQJ
SHRSOH IURPHQYLURQPHQWDOFRPPXQLFDWLRQSUHFLVLRQDJULFXOWXUDO DJULFXOWXUDO
H[WHQVLRQ DQG HGXFDWLRQ DQG FRJQLWLYH VFLHQFH DOO ZLWK GLIIHUHQW UHVHDUFK





SUHVHQW WKH PDLQ FRQWULEXWLRQV IURP WKLV WKHVLV WR WKH NQRZOHGJH ILHOGV GLV




• ,QWURGXFWLRQ RI WKH FRQFHSW RI enhanced professional vision 7KLV FRQ
FHSW HPHUJHG IURP WKH HPSLULFDOO\ EDVHG FRPELQDWLRQ RI professional 
vision*RRGZLQDQGtool mediated seeing *RRGZLQ	*RRGZLQ
 ZKHUH WHFKQRORJ\ VXSSRUWV IDUPHUV¶ GHYHORSPHQW RI situated 
knowledge
• (PSLULFDO HYLGHQFH LQGLFDWLQJ WKDW ERWK WHFKQRORJ\ DQG LQWXLWLYH H[SHUL




• $GGUHVVLQJ UHVXOWV WKDW HOXFLGDWH WKDW IDUPHUV¶ GHYHORSPHQW RI situated 
knowledgeDQGcareLVQRWRSSRVHGWRWKHXVHRI,&7WHFKQRORJ\
• $ GHPRQVWUDWLRQ WKDW SDUWLFLSDWRU\ DSSURDFKHV DUH FUXFLDO IRU IDUPHUV¶
GHYHORSPHQW RI situated knowledge DQG care LQ UHODWLRQ WR WHFKQRORJ\












DJULFXOWXUH LV EDVHGRQ D FRQYHQWLRQDO technology transfer SDUDGLJP LQ
ERWKUHVHDUFKDQGSUDFWLFHDQGWKXVLVQRWXVHGIRUKDQGOLQJTXHVWLRQVRI






• 'HSLFWLRQRIKRZWKHVRFDOOHG problem of implementationDQGWKH gap 
of relevance FDQ EH GHVFULEHG E\ XVLQJ WKHRULHV DQG PHWKRGRORJLHV
IURPRWKHUUHVHDUFKILHOGVDQGDSSO\LQJWKHPLQDSUHFLVLRQDJULFXOWXUH
FRQWH[W
Ɉ $SSO\LQJXVHUFHQWUHGGHVLJQPHWKRGRORJLHV WR SURSRVH DSSURSUL
DWHVWUDWHJLHVLQ$JUL'66GHYHORSPHQW
Ɉ $SSO\LQJWKHWKHRUHWLFDOIUDPHZRUN'&RJLQSUHFLVLRQDJULFXOWXUH
ZKLFK ZDV VKRZQ WR EH XVHIXO LQ HOXFLGDWLQJ IDUPHUV¶ VRFLR
WHFKQLFDOV\VWHPE\LQFUHDVLQJXQGHUVWDQGLQJRIFRJQLWLYHSURFHVV
HVZKHUHWHFKQRORJ\LVLQFOXGHGLQWKHXQLWRIDQDO\VLV









SODFH VWXG\ZDV WKDW VXFK LQYHVWLJDWLRQV DUH WLPHFRQVXPLQJ LQ SHUIRUPDQFH
DQGDQDO\VLV+RZHYHULWZRXOGKDYHEHHQWRLQFUHDVHWKHUDQJHRIIDUPHUVDQG




WKH DGYLVRU¶V LPSDFW RQ WHFKQRORJ\ XVH E\ SURYLGLQJ VRFLDO LQWHUDFWLRQV DQG
WHFKQRORJ\DGDSWDWLRQWRWKHQHHGVRI WKHLQGLYLGXDOIDUPHU7KHPDLQUHDVRQ




,Q VSLWH RI WKRVH OLPLWDWLRQV LQ WKHZRUN LW FDQEH FODLPHG WKDW LPSRUWDQW
NQRZOHGJHZDV UHYHDOHG LQ OLQHZLWKHDUOLHUGLVFXVVLRQVDQGSUHVHQWDWLRQVRI
ILQGLQJV :KHQ GLVFXVVLQJ WKH ULJRXU RI P\ UHVHDUFK EHORZ , GUDZ XSRQ
/LQFROQ DQG *XED¶V  IRXU FULWHULD IRU TXDOLWDWLYH UHVHDUFK credibility
transferabilitydependabilityDQGconformability
Credibility FRUUHVSRQGV WR YDOLGLW\ LQ TXDQWLWDWLYH UHVHDUFK DQG UHJDUGV WKH
PDWFK EHWZHHQ WKH GHVFULSWLRQ DQG WKH H[SODQDWLRQ 7R LQFUHDVH FUHGLELOLW\
VRPHVWUDWHJLHVDUHLPSRUWDQW6KHQWRQDGGUHVVHVWKH/LQFROQDQG*XED
FULWHULDDQGKLJKOLJKWVDFRXSOHRIJXLGHOLQHV8VLQJDSSURSULDWHUHVHDUFK
PHWKRGV LV LPSRUWDQWDQGE\XVLQJ WULDQJXODWLRQRIGDWDFROOHFWLRQ WHFKQLTXHV
WKHGHJUHHRIULJRXUFDQEHHQKDQFHG,QWKLVWKHVLV,EHOLHYHWKDWWKHGDWDFROOHF
WLRQ WHFKQLTXHV XVHG ZHUH DSSURSULDWH DQG LQ WKH ZRUNSODFH VWXG\ , XVHG
WULDQJXODWLRQ RI WKH GDWD ,Q DGGLWLRQ IRXU RI WKH DSSHQGHG SDSHUV KDYH EHHQ
SUHVHQWHGDWFRQIHUHQFHVDQGWZRKDYHEHHQSHHUUHYLHZHGSULRUWRSXEOLFDWLRQ
LQ FRQIHUHQFHSURFHHGLQJV7KH UHVHDUFKHU¶V IDPLOLDULW\ZLWK WKH VWXG\ DUHD LV
DOVR LPSRUWDQW DV LV WKHLU EDFNJURXQG TXDOLILFDWLRQV DQG H[SHULHQFHV'XH WR
P\ ORQJH[SHULHQFH IURP WKH326QHWZRUN VHH3UHIDFH LQFRPELQDWLRQZLWK
SHUVRQDO H[SHULHQFHV IURP OLYLQJ RQ D IDUP DQG H[SHULHQFHV IURP XVLQJ WKH
PHWKRGRORJ\RIHWKQRJUDSKLFQDWXUDOLVWLFLQTXLU\DQGWKHGDWDFROOHFWLRQPHWK
RGV RI REVHUYDWLRQV YLGHR UHFRUGLQJV DQG LQWHUYLHZV , ZRXOG FODLP D
UHVSHFWDEOH OHYHORIFUHGLELOLW\IRUP\ZRUN:KDW,GLGQRWGRZDVWRVDPSOH
WKH LQIRUPDQWV UDQGRPO\ ZKLFK 6KHQWRQ  DGYRFDWHV +RZHYHU 3DWWRQ
 DUJXHV IRU SXUSRVHIXO VDPSOLQJ WHFKQLTXHV LQ RUGHU WR DFKLHYH LQIRU




VWDUWLQJ WKLVZRUN ,DOVR WRRNSDUW LQDSLORWSURMHFW /LQGEORP	/XQGVWU|P
 DLPLQJ WR LQYHVWLJDWH IDUPHUV¶ GHFLVLRQPDNLQJ WR OHDUQ PRUH DERXW
WKHRU\PHWKRGRORJ\DQGGDWDFROOHFWLRQWHFKQLFVLQVXFKSURFHVVHV
TransferabilityLVWKHH[WHUQDOYLDELOLW\LQTXDQWLWDWLYHUHVHDUFKDQGFRQFHUQV





LV QRW JHQHUDOLVDEOH WR DOO RWKHUV WKHUH LVPXFK WR OHDUQ IURP D FDVH DQG E\






+RZ VXFFHVVIXO WKLV PD\ EH ZLOO RQO\ EH UHYHDOHG ZKHQ DQRWKHU UHVHDUFKHU
VHHNV WR UHSOLFDWH WKH VWXG\ 6KHQWRQ  DUJXHV WKDW WKH UROH RI WKH UH
VHDUFKHUPXVWEHGLVFXVVHG0\H[SHULHQFHIURPIDUPLQJLVUDWKHU ORQJEXW,
DPQRWDIDUPHUDQG,KDYHQHYHUEHHQ,ZRXOGDUJXHWKDWWKHJUHDWHVWULVNIRU
PH ZRXOG EH WR WKLQN WKDW , know ZKHQ , GHILQLWHO\ GR QRW ([SHULHQFH LV
YDOXDEOH LQRUGHU WRXQGHUVWDQG WKHFRQWH[WEXW LQ WKHZRUNRIDQDO\VLQJDQG
LQWHUSUHWLQJ WKHGDWD ,ZDVYHU\FRQVFLRXVDERXW UHIOHFWLQJRQP\ LQWHUSUHWD
WLRQV LQ UHODWLRQ WR ZKDW WKH IDUPHUV UHSRUWHG ,W ZDV YDOXDEOH WR EH DEOH WR
UHWXUQWRYLGHRUHFRUGLQJVDQGOLVWHQWRWKHH[DFWZRUGVEXWDOVRWRFRQVLGHUWKH
VLWXDWLRQLQZKLFKWKHZRUGVZHUHVDLG ,XVHGWKLV LQRUGHU WRUHFRQVLGHUDQG
UHIOHFWRQP\LQWHUSUHWDWLRQV
Conformability UHIHUV WR REMHFWLYLW\ DQGPHDQV WKDW UHVXOWV DQG LQWHUSUHWD
WLRQVVKRXOGEHEDVHGRQWKHFROOHFWHGGDWDDQGQRWPDGHXSE\WKHUHVHDUFKHU
$JDLQ WKHSRVVLELOLW\ WR IROORZ WKHSURFHVVE\ ULFKGHVFULSWLRQV LV LPSRUWDQW
DQG6KHQWRQPHQWLRQVWKHYDOXHRIWULDQJXODWLRQLQWKLVUHJDUG7ULDQJX
ODWLRQ FDQ FRQVLGHU PHWKRGV EXW , ZRXOG FODLP WKDW FRRSHUDWLQJ ZLWK RWKHU
UHVHDUFKHUV LQ FRQGXFWLQJ DQG LQWHUSUHWLQJ HPSLULFDO GDWD LV DQRWKHU IRUP RI
WULDQJXODWLRQ ,Q FDVH VWXG\ WZR WKH HPSLULFDO PDWHULDO ZDV OLPLWHG EXW ZH
















$JUL'66 LV FUXFLDO LQ DJURQRPLF UHVHDUFK GHYHORSLQJ QHZ$JUL'66 LQ%LR
6R0 IRU LQVWDQFH , KRSH WKDW WKLV WKHVLV FDQ JHQHUDWH LQFUHDVHG LQWHUHVW LQ






IHU WR SDUWLFLSDWRU\ DSSURDFKHV E\ HPSKDVLVLQJ WKH LPSRUWDQFH RI VRFLDO
LQWHUDFWLRQV DQG OHDUQLQJ GXULQJ WKHZKROH SURFHVV RI$JUL'66 GHYHORSPHQW
DQGXVH6WDUWLQJZLWKDGYLVRU\VHUYLFHV ,KRSHWKDW WKHUHZLOOEHPRUHIRFXV
RQ5	' LQ UHODWLRQ WR QHZ WHFKQRORJ\ DQG VWUDWHJLHV WR IDFLOLWDWH XVH VRFLDO
OHDUQLQJDQGGHFLVLRQPDNLQJDPRQJ IDUPHUVEXW DOVR LPSURYHGSRVVLELOLWLHV
IRUDGYLVRUVWRLQWHUDFWDQGH[FKDQJHH[SHULHQFHVDQGVWUDWHJLHVLQFRQQHFWLRQ
WR WHFKQRORJ\XVH7KRVHNLQGVRI LPSOLFDWLRQVZLOOSUREDEO\ UHTXLUHFKDQJHV
LQDGYLVRU\SUDFWLFHVLQUHODWLRQWR,&7DQG$JUL'66EXWVLQFHDGYLVRUVKDYH
DQ LPSRUWDQW UROH WR SOD\ LW LV LPSRUWDQW WKDW WKH\ UHFRQVLGHU DQG DOWHU WKHLU
DFWXDOZRUNSUDFWLFHVZKHUHQHFHVVDU\
)LQDOO\WKLVWKHVLVKDVLPSOLFDWLRQVIRUSUHFLVLRQDJULFXOWXUHUHVHDUFK7KH
GLVFXVVLRQDERXWH[SHUWLVH LQ UHODWLRQ WR ,&7KXPDQEHLQJVDQGFDUH LQ WKH
WUDMHFWRU\RIVXVWDLQDEOHLQWHQVLILFDWLRQZLOOKRSHIXOO\LQIOXHQFHKRZIDUPHUV¶
H[SHULHQFH DQG VLWXDWHG NQRZOHGJH LV DFNQRZOHGJHG LQ IXWXUH 5	' ,Q
6ZHGHQ WKH 326 QHWZRUN KDV EHHQ VXFFHVVIXO LQ LQYROYLQJ GLIIHUHQW VWDNH
KROGHUV EXW VR IDU IDUPHUV DQG DGYLVRUV KDYH EHHQ LQYROYHG WR D OLPLWHG







3UHFLVLRQ DJULFXOWXUH UHVHDUFK FOHDUO\ QHHGV WR FKDQJH SHUVSHFWLYH IURP
knowledge transfer WR PRUH cooperative/participatory approaches LQ RUGHU WR
DYRLGDtechnology fixLQWKHGHYHORSPHQWRI$JUL'667KHUHLVDOVRDQHHGIRU
LQFUHDVHG GLVFXVVLRQ DQG LQWHUHVW LQ GHVLJQ LQ UHODWLRQ WR XVH RI $JUL'66 %\
XVLQJPHWKRGRORJ\IURPXVHUFHQWUHGGHVLJQWRLQFUHDVHWKHXVHUSHUVSHFWLYHDQG
E\ LQYROYLQJ GLIIHUHQW VWDNHKROGHUV IURP HDUO\ LQ WKH GHYHORSPHQW SURFHVV
$JUL'66FRXOGEHEHWWHUDGDSWHGWRGLIIHUHQWHQGXVHUUHTXLUHPHQWV7KXVGHYHO
RSHUV RI $JUL'66 QHHG WR IROORZ +RIIPDQQ HW DO  ZKHQ FODLPLQJ D
FKDQJHGSHUVSHFWLYHIURPDEVROXWHtechnical packagesDQGsolutionsWRDGDSWDEOH







WKHH[SHUW LQFRPSOH[ UHDOOLIH VLWXDWLRQV VXFKDVFURSSURGXFWLRQ1HYHUWKH
OHVVWHFKQRORJ\FDQFRQWULEXWHYDULRXVNLQGVRIGLJLWDOUHSUHVHQWDWLRQVWKDWWKH
KXPDQ H\H FDQQRW SHUFHLYH WRRO PHGLDWHG VHHLQJ DQG RWKHU IXQFWLRQV WKDW
VXSSRUW KXPDQV¶ FRJQLWLYH DELOLWLHV DQG WKXV LQFUHDVH WKH VXVWDLQDELOLW\ LQ
GHFLVLRQV DQG DFWLRQV WDNHQ 7KH FRQFHSW RI enhanced professional vision
IRUPXODWHG LQ WKLV WKHVLV LV LPSRUWDQW LQVKRZLQJ WKDW WHFKQRORJ\FDQVXSSRUW
IDUPHUV LQGHFLVLRQPDNLQJ OHDUQLQJDQGGHYHORSPHQW RIsituated knowledge
DQG WKDW VRFLDO LQWHUDFWLRQV DQG IDUPHUV¶ H[SHUWLVH DUH FUXFLDO IRU WHFKQRORJ\
GHYHORSPHQWDQGXVH











$FKDQJHRISHUVSHFWLYHIURPknowledge transfer WRPRUHcooperative ap-
proaches PXVW DOVR EH FRQVLGHUHG E\ DGYLVRUV :LWK LQFUHDVLQJ IDUPHU
FRPSHWHQFHWKHIXQFWLRQRIDGYLVRUVDVLQIRUPDWLRQSURYLGHUVQHHGVWRFKDQJH
WRDUROHDVVRFLDOOHDUQLQJSDUWQHURUDIDFLOLWDWRURIVRFLDOOHDUQLQJ&RQVLGHU
LQJ WKH UDSLG GHYHORSPHQW RI WHFKQRORJ\ LQ DJULFXOWXUH DGYLVRUV VKRXOG DOVR
ZLGHQWKHLUDUHDRIFRPSHWHQFHDQGHPEUDFH$JUL'66PRUHIXOO\%HLQJDFURS
SURGXFWLRQ DGYLVRU DOUHDG\ GHPDQGV GXDO H[SHUWLVH DV DJURQRPLVW DQG VRFLDO
IDFLOLWDWRU $GGLQJ D WKLUG FRPSHWHQFH WHFKQRORJ\ FRXOG EH FKDOOHQJLQJ IRU
VRPH DGYLVRUV DQG IRUFH WKHP RXWVLGH WKHLU FRPIRUW ]RQH +RZHYHU DV WKLV
WKHVLVVKRZHGVRFLDO LQWHUDFWLRQVDUHFULWLFDO IRU WHFKQRORJ\XVHDQGIDUPHUV¶
FDUHGHYHORSPHQWDQGDGYLVRUVKDYHDFUXFLDOUROHWRSOD\LQWKLV
'LIIHUHQW $JUL'66 VKRXOG EH FRQVLGHUHG SDUW RI D ZLGHU DJULFXOWXUH
NQRZOHGJHLQIRUPDWLRQV\VWHPLQYROYLQJGLIIHUHQWNLQGVRI,&7V\VWHPVWRROV
DUWHIDFWV DQG VRFLDO OHDUQLQJ SURFHVVHV 7KHUH DUH WKUHH FULWLFDO FRPSRQHQWV
ZKHQGHYHORSLQJ$JUL'66LQSUHFLVLRQDJULFXOWXUHWKHhardwareWKHsoftware
DQG WKH orgware 2QFH DOO WKUHH DUH FRQVLGHUHG$JUL'66 FRXOG EHFRPH LQ
FUHDVLQJO\ LPSRUWDQW FRPSRQHQWV LQ VXVWDLQDEOH LQWHQVLILFDWLRQRI DJULFXOWXUH
E\HQVXULQJSURYLVLRQRIVFLHQWLILFNQRZOHGJHDQGHQFRXUDJLQJGHYHORSPHQWRI
IDUPHUV¶ VLWXDWHG NQRZOHGJH WR VXSSRUW WKHLU FDUH LQ SUDFWLFH 3DUWLFLSDWRU\




7R IXUWKHU GHYHORS WKLV DUHD RI UHVHDUFK IDUPHUV¶ DQG DGYLVRUV¶ RSLQLRQV DQG
QHHGV LQ UHODWLRQ WR $JUL'66 PXVW FRQWLQXH WR EH LQYHVWLJDWHG IURP ERWK D
WHFKQLFDODQGVRFLDOSHUVSHFWLYH,QDGGLWLRQSDUWLFLSDWRU\DSSURDFKHVVKRXOGEH
DSSOLHGLQQHZSURMHFWVLQYROYLQJIDUPHUVDGYLVRUVDQGUHVHDUFKHUVDLPLQJWR
,QYHVWLJDWH JRRG VWUDWHJLHV IRU $JUL'66 XVH LQ SUHFLVLRQ DJULFXOWXUH SUDFWLFH
IURPDVRFLDOOHDUQLQJSHUVSHFWLYHLQYHVWLJDWHKRZGLIIHUHQW$JUL'66FDQEH
WHFKQLFDOO\PHUJHGRUV\QFKURQLVHGLQRUGHUWRSURYLGHJRRGV\VWHPVRIDSSOLFD
WLRQV DQG IXQFWLRQV LQ ZLGHU IDUPLQJ VRFLRWHFKQLFDO V\VWHP  LQYHVWLJDWH
VWUDWHJLHVIRU$JUL'66GHYHORSPHQWXVLQJWKH8&'PHWKRGRORJ\DQGGHYHO
RS PRGHOV IRU LQFUHDVHG NQRZOHGJH H[FKDQJH EHWZHHQ DGYLVRUV FRQVLGHULQJ






VLRQ VHUYLFHV ZLWK VRFLDO VNLOOV DQG FRPSHWHQFH LQ DJULFXOWXUH DQG SUHFLVLRQ
DJULFXOWXUHWHFKQRORJ\
)LQDOO\LQRUGHUWRPRYHDJULFXOWXUHDORQJDVXVWDLQDEOHLQWHQVLILFDWLRQWUD
MHFWRU\ SUHFLVLRQ DJULFXOWXUH DQG QHZ $JUL'66 DUH FUXFLDO 7KXV ZRUN RQ
GHYHORSLQJ DQG DGDSWLQJQHZ WHFKQRORJ\ WR IDUPHUV¶ QHHGVPXVW FRQWLQXH LQ
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